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PAT VAN PE

Hoa hoc phtic chat ¢ quan hé mat thiét véi cac linh vuc hoé hoc hitu co, hoa
v6 co, hoa phan tich va héa ly. Cac cong trinh nghién ctiu cho thay rang, cac phuc
chat dugc tong hop 6 nhiéu tng dung trong thuc té. Hoa hoc phtc chit dang phat
huy anh huéng sau rong sang linh vuc hoé sinh ca vé Iy thuyét va ang dung, rat
nhiéu thanh tyu trong linh vuc hoa sinh v6 co va trong y duoc gan lién véi viéc
nghién cau phuc chat. Do do, tdng hop va nghién ctu cac phirc chat 1a mot trong
nhitng huéng phat trién cua hoa hoc hién dai. C6 thé ndi rang hién nay hoa hoc
phtcc chat dang phat trién manh va 13 noi hoi tu nhitng thanh teu cua hoé ly, hoa
phén tich, hoa hoc hiru co, hoa sinh, hoa méi truong va hoa duoc.

Trong d6, dan xuét thiosemicarbazone 1a nhitng hop chat quan trong c6 nhiéu
hoat tinh sinh hoc da dang nhu kha ning khang khuan, khang nim, khang virut,
chéng ung thu va c6 hoat tinh xuc tac [137]. Vé phuong dién hoéa hoc, do sy dic
trung cdu trac da dang, din xuét thiosemicarbazone 1a dang phdi tir c6 kha ning tao
phirc tot v6i nhiéu kim loai nén chung ciing duoc st dung 1am thude thir hitu co dé
xac dinh ham lugng kim loai c6 trong cac mau thyc pham [116], duoc pham [114],
moi truong [114]. Nhu vdy, su da dang trong cu tric va kha ning tao phtc dé dang
v6i nhiéu ion kim loai ciia cac dan xuat thiosemicarbazone din dén sy ung dung
rong rai trong nhiéu linh vuc khoa hoc, do dé, ching ngay cang dwuoc quan tim
nghién ctru trong cac linh vuc phan tich va duoc hoc. Cac din xudt méi cia
thiosemicarbazone dugc tong hop bang cach thay ddi cac nhom chirc cua aldehyde
hodc xeton dé tao thanh cac thudc thir hitu co méi. Bén canh d6, cic nguyén to kim
loai chuyén tiép 1a cac nguyén té c6 phan 16p d hay f chua du electron nén ching cé
xu huéng nhan thém electron din dén dé dang tao phirc v6i nhiéu phdi ti.

Mt khac, trong quéa trinh sinh sdng, phat trién va san xuét, con nguoi da thai
vao moi truong nhitng ion kim loai véi ham lwong Ién gay & nhidm dén ngudn
nudc. Nhitng kim loai ndy c6 anh huong tir c6 ich dén gy kho chiu, doc hai doi véi
con ngudi. Mot vai kim loai véi ham lwong cho phép 1a can thiét, nhung mot s6 kim

loai khéc c6 thé anh huéng khac nhau dén con ngudi. Vi vay, viéc danh gia chinh
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xac du lugng kim loai co trong nudc 12 rat can thiét. Cac kim loai nang nhu Hg, Cd,
Pb, As, Sb, Cr, Cu, Zn, Mn... thuong khéng tham gia hodc it tham gia vao qua trinh
sinh hoa cua cé4 thé sinh vat, thuong tich liy trong co thé sinh vat va cé thé 1a
nguyén nhan gay ra cac bénh nhu ung thu, quai thai, v6 sinh... [158]. Vi vay, viéc
phan tich, danh gia ham luong ching trong méi truong l1a can thiét. CO nhiéu
phuong phap phan tich, xac dinh ham Iugng cac ion kim loai nhu AAS, ICP-AES,
ICP-MS, phuong phép tric quang... [151], [83], [93]. Trong d6, phuong phap tric
quang la phuong phap don gian, ré tién, thuan tién dya trén su tao phic mau bén
gitta thudc thir hiru co vai cac ion kim loai can phan tich. Nhimg nim gan day, cac
dan xuat thiosemicarbazone duoc wng dyng trong phan tich tric quang xac dinh
dong thoi nhiéu ion kim loai chuyén tiép trong nudc thai, gitip danh gia muc do 6
nhiém nudc [77], [78], [129]. Vi vay, din xuét thiosemicarbazone ngdy cang duoc
quan tdm nghién ctru trong cac linh vuc phén tich.

Nhin chung, dan xuét thiosemicarbazone va phirc chat cua ching véi céc ion
kim loai da dugc nghién ctu nhiéu trong va ngoai nuéc. CO thé liét ké mot s6 cong
trinh nghién ctu tiéu biéu cia mot s6 tac gia trong nudce: Téng hop va nghién ciu
cau tric cua phuac chét Pt(11), Zn(l1) véi thiosemicacbazon caphor [12]; Nghién ctu
tong hop, ciu tao cia mot sé phuc chat caa Zn(ll), Cu(l1), Pd(I1), Mo(I1) véi mot s6
dan xuat thiosemicarbazone benzadehide va thiosemicarbazone isatin [1], [2]; Tong
hop va nghién cau ciu tric cua phac gita Pt(Il) vao vi tri N(4) cua
thiosemicarbazone [41]; Tong hop, nghién ciiu ciu tao va tham do hoat tinh sinh
hoc cua phic chat Pd(11), Ni(1l) véi mét sé dan xuat thiosemicarbazone [5]; Tong
hop nghién ciru cdu trac va tham do hoat tinh sinh hoc cua phtc Platin véi mot sb
thiosemicacbazon [7]; Phé hap thu electron cua mot s6 phic chat
thiosemicacbazonat cua platin (1) [8]; Tong hop nghién ctu cau tric va tham do
hoat tinh sinh hoc caa mot sé phac chét kim loai véi thiosemicarbazone [11]. Panh
gia tong quan cac nghién ciu nay, ching t6i nhan thay rang cac nhom tac gia xoay
quanh viéc nghién ciru tdng hop céc thiosemicarbazone va cac phic mai véi céc ion
kim loai. Cac nhom tac gia da sur dung cac phuong phap phan tich hoa 1y hién dali
nhdm xéac dinh cdu tric cua cac dan xuat tim duoc. Bén canh do, cac tac gia con

nghién ctru tham do hoat tinh sinh hoc va tng dung lam thuéc thir trong phan tich.
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Déi véi cac cong trinh nghién ciu nuéc ngoai, dan xuat thiosemicarbazone va
phtrc chat cua chiing véi cac ion kim loai da duoc nghién ctu tir nhitng nim 1970
[137]. Cac phtic chat da duoc tong hop cho thay tinh ¢ng dung da dang trong nhiéu
linh vuc. CO thé liét k& mot sb cong trinh nghién ciu trong cac linh vuc trén doi
tugng thiosemicarbazone va phicc cia ching trong nhitng nim gan diy, mot sé
nghién cau tiéu biéu nhu x4c dinh ham luong Cu bang phuong phap quang pho sir
dung dan xuit 5-bromosalicylaldehyde thiosemicarbazone [113]; Nghién cuu
benzaldehyde thiosemicarbazone 1am chét tc ché phenoloxidase biang 3D-QSAR
[156]; phuong phdp méi xac dinh ham luwong cadimi bang cach dung quang phd
UV-Vis [105]; Sir dung dan xuat thiosemicarbazone 2-Hydroxy-4-n-butoxy-5-
bromo propiophenone Iam thubc thir dé phan tich sat bang quang pho [106]; Nghién
ctru sy tao phuc cua phac 2-hydroxyacetophenone thiosemicarbazone trong dung
moi triphenylphospine véi Ni bang phd IR, X-ray, NMR va bang phuong phap
DFT/B3LYP, MEP [56]; Ung dung phuong phap do quang phd xac dinh déng trong
mau sinh hoda bang céch dung 2-acetylpyridine 4-methyl-3-thiosemicarbazone
(APMT) [118]; X&c dinh truc tiép thay ngan bang quang phé UV-Vis sir dung thubc
thir 2-acetylpyridine thiosemicarbazone trong mau méi truong [24]; Tong hop, xéac
dinh cau trGic phan tir va phan tich pho caa ethyl 4-formyl-3,5-dimethyl-1H-pyrrole-
2-carboxylate thiosemicarbazone: Mot nghién ciu ly thuyét DFT két hop va AIM
[138]; 2013: Ung dung tac nhan phan tich 3-acetylpyridine thiosemicarbazone (3-
APT) xac dinh ham luong niken trong miu dat va hop kim bang quang phdé UV-Vis
[120]; Nghién ctu dong hoc cua su tao thanh phtrc gitta salicylaldehyde
thiosemicarbazone véi ion Cu?* trong dung dich methanol-dioxan [29]; Khao sat
can bang va xac dinh hang sb bén cua phac gita Mn(ll) va Ni(ll) véi 3-
formylpyridine thiosemicarbazone trong SDS-nuéc [77]; St dung 2,4-Dihydroxy-5-
Bromo [2’Methyl] Propiophenone thiosemicarbazone [DHBMPT] nhu 14 thudc thir
phan tich dé nghién ctu phic caa Co(ll) [108]; Nghién ctu kha niang khang khuan
cua phirc dong voi hydroxyquinoline thiosemicarbazone [121]. Cac nghién ciu nay
cling xoay quanh viéc tong hop cac ligand va phtc chat, trén co so d6, cac két qua
nghién cttu nay tng dung trong nhiéu linh vuc nhu st dung trong phan tich, khao

sat hoat tinh khang khuan, khang nam, khang céc té bao ung thu... Bén canh do, co

XXXiii



thé thay rang cac cdng trinh nghién ctu trén d6i trong thiosemicarbazone va phuc
chat véi mot s6 kim loai twong (ng da sir dung cac phuong phap phan tich hoa Iy dé
xac dinh cau trlc, sir dung phuong phap do quang dé xac dinh cong thirc phtc chat
cling Véi cac phuong phéap ¢b dién nhu phuong phap Job, phuong phap ty 16 mol va
phuong phap do dbc. Cac tac gia ciing nghién ciu sir dung cac thiosemicarbazone
nay lam thudc thir trong phan tich tric quang trong cac nghién ciu nay. Hon nira,
mot s tac gia ciing két hop nghién ciu tir Iy thuyét véi phuong phap luong tir DFT
dén thuc nghiém va két hop khao sat tham do hoat tinh sinh hoc cua céc chat tong
hop duoc.

Nhu vay, mac dau co rat nhiéu cong trinh nghién ctru trong va ngoai nudc dén
d6i twong dan xuét thiosemicarbazone va phirc chat cua ching, ké ca tir ly thuyét
dén thuc nghiém, nhung chua c6 mot cdng trinh nghién ciu tim kiém, sang loc dan
Xuat thiosemicarbazone nham xay dung cac md hinh du doan kha ning tao phic cia
dan xuit thiosemicarbazone v&i cac ion kim loai khac nhau dua trén cac tinh toan
luong tir két hop véi cac phuong phap hoi quy tuyén tinh da bién va cac phuong
phap md hinh héa théng minh bang may tinh.

Mt khéc, véi sy nd luc khong nging cua cac nha khoa hoc va su phat trién
manh mé cuaa khoa hoc may tinh, cac phuong phap toan hoc méi ra doi, hang loat
cac cong cu hoa tin dugc xay dung nhiam ung dung ngay cang rong réi trong hoa
hoc tinh toan. Trong nhitng nam qua, nganh khoa hoc may tinh da cho ra doi cac
cdng cu tinh toan luong tir nhu Hyperchem, Mopac, Gaussian [33]. Cac phan mém
mé phong trong héa hoc dugc sir dung rong réi trong nghién ctu ly thuyét nhu
QSARIS, Spartan, MOE, Materials Studio, Dragon [33]. Bong thoi, cac cong cu
toan tin cling duoc cap nhat thuong xuyén nham hd tro cho céc nghién ctu lién
quan dén thdng k&, mang than kinh nhan tao, ki thuat md hinh héa théng minh bang
may tinh...

Bén canh d6, mbi quan hé dinh luong giita cau tric va tinh chat (QSPR) xuat
phat tir mdi quan hé dinh lwong giita cAu tric va hoat tinh (QSAR) trong d6 tinh
chat ctia mé hinh dugc thay thé bang hoat tinh. Pay 1a y twang ctia Crum Brown va
Fraser [14] dwa ra ddu tién vao nim 1868. Pén nim 1893, Richet [86] cho rang su

thay do6i cau triic hda hoc s& dan dén su thay doi vé hoat tinh sinh hoc. Pay 1a hai
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quan diém dit nén tang cho viéc thiét 1ap cac md hinh lién quan cau trdc va hoat
tinh hay tinh chat sau nay. Trong nhitng nam tiép theo, trong linh vuc hoa Iy-hiu
co, cac cong trinh nghién ciru cia Hammett va Taft [86] da gidi thiéu cac tham sb
hing s6 Hammett, cac hiéu ung phan cuc, hiéu ung khéng gian, hiéu &ng cong
huong va gigi thiéu tham sé steric dau tién, Es [86]. Trong nhitng ndm 60 cta thé ky
20, Hansch va dong sy di lién tuc cong b cac cdng trinh nghién ciru vé mébi quan
hé cau truc — hoat tinh [86] véi sy xuét hién dai lugng méi — tinh ky nuéc. Vao cudi
nhitng nam 1940, cac nghién cttu vé ly thuyér do thi héa hoc lién quan dén cac khai
niém vé toan hoc va hdéa hoc da din dén su phét trién cia cac md ta dinh luong trén
co so ly thuyét thuan tay. Wiener va Platt 1a nguoi dau tién phat trién cac bién dinh
lwgng hinh hoc dya trén ly thuyét d6 thi vao nam 1947 dugc goi la chi s6 Wiener va
chi sé Platt twong tmg va di cong b cac md hinh QSPR du doan vé cac diém soi
cua day hydrocacbon [86]. Hién nay, khoa hoc vé QSPR duoc thanh lap dua trén
viéc sir dung c6 hé théng cac mé hinh toan hoc va trén quan diém da bién, 1a mot
trong nhitng cong cu tng dung dé thiét ké cac dan xuat hiru co, vo co méi, thudc
duoc hoc hién dai... va c6 vai tro ngay cang ting trong nhiéu linh vuc khoa hoc nhu
hoa dugc, hda hoc, moéi truong. ..

Hién nay, viéc xay dung méi quan hé dinh luong gitra cu trdc va tinh chat 1a
mot phuong phap moé hinh héa da dugc ap dung thanh cong trong linh vyc hoa hoc
[160] trén nhiéu nhom ddi tugng khac nhau. Phuong phap nay bat dau voi bo dir
licu dya trén cdng cu mé hinh hoa dé tao ra mot phan dir liéu bd sung hoac tham chi
thay thé cho viéc tao dit liéu thuc nghiém, gilp sau nay giam ca thoi gian va tién
bac. Hon nira, md hinh héa QSPR cung cip mot phuong phap hiéu qua dé thiét lap
va kham pha méi quan hé giira cac mo ta cau triic hda hoc cta cac phan tir va cac
dic tinh cta ching hudng dén viéc thiét ké hop chat mai [54]. Nhiing cong trinh
cdng bé lién tuc cho thay riang sy phat trién cac md hinh du doan QSPR sir dung cac
phuong phap tuyén tinh hoac phi tuyén dudng nhu 13 mét sy lra chon tot [160]. Céc
nghién ciru nay xay dung cac md hinh dy doan tinh chat caa cac hop chat hoa hoc
dua trén méi quan hé dinh lugng ciu trc va tinh chat (QSPR) [33], [160]. Trong
cac cong trinh ndy, cc tac gia da phat trién cac mo hinh QSPR trén cac ddi twong

khac nhau véi cac tinh chat khac nhau [33] nhu nhiét d6 s6i, d6 hoa tan, tinh ky
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nuéc (logP), hé sb phan tan nudc — hop chit hiru co, tinh axit caa cac hop chat chia
nhém xeton, chi sb thoi gian luu cua pha dao trong phan tich sic ky long cac hop
chat hydrocacbon thom da vong. Mic du, viéc nghién ctiru phat trién md hinh QSPR
&p dung trén cac hop chét khac nhau véi cac tinh chat khac nhau nhung diém chung
cua cac nghién ciru nay 1a sir dung cac phuong phap hodi quy da bién va mang than
kinh nhan tao dé phét trién mé hinh [160].

Trong khi d6, nghién ctru trén d6i twong la dan xuat thiosemicarbazone, ching
cd kha ning tao phuc tét véi nhiu ion kim loai va phdi tir nay ciing véi phic cua
ching c6 nhiéu ung dung trong thuc tién. B4Si véi phac chat, hang sé bén 1a mot
thong s quan trong, danh gia vé kha ning tuong tac giita phdi tir va cac ion kim
loai dé tao ra cac phuc chat. Tir hang s6 bén cd thé tinh ndng do can bang caa cac
thanh phan trong dung dich va dai lwong ndy ciing giup du doan sy thay doi
electron phirc tap trong dung dich cua ion trung tam va phdi tir. Trong nhiing nam
gan day, hang sé bén cua phtc duoc nghién ctiu nhiéu trong phan tich triac quang.
Trong cac cong trinh da dwoc cong bd, ching tdi nhan thay rang chua c6 cong bd
nao phét trién md hinh QSPR trén dbi twong phic chét giira thiosemicarbazone va
cac ion kim loai véi dai luong dic trung 1a hiang sé bén cua phtc. Mac du, ¢6 nhiéu
cong trinh nghién cau thuc nghiém tong hop cac ligand nay va phac chat cua
chung, nhung cac cong trinh nghién ciru ly thuyét con han ché. it biét la cac cong
trinh nghién ctiu c6 su két hop tir Iy thuyét dén thuc nghiém.

Trén co sé d6, Luan an nay dinh hudng nghién cau tir ly thuyét dén thuc
nghiém trén d6i tugng dan xuat thiosemicarbazone va phuc chat cua ching dya trén
viéc md hinh hda QSPR két hop véi cac tinh toan hoa luong tir. Tir cAc m6 hinh xay
dung dugc va su phan tich cau dang bén tir tinh toan luong tir, Luan &n s& dinh
huéng thuc nghiém tong hop mot sb ligand va phuc chat, tinh toan hang sé bén va
danh gia lai cdc mo hinh da xay dung.

Nhu vay, muc tiéu cua dé tai can dat duoc nhitng van dé sau day:

— Xay dyng cac mdé hinh QSPR trén ddi tuwong phuc chéat gita

thiosemicarbazone va céc ion kim loai dua trén ki thuat sang loc, thiét ké

cac phirc chat tur dir liéu thuc nghiém da nghién cau;
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—  Thiét ké va dy bao hang sé bén cac phic chit mai dya trén cac mé hinh da

xay dung;

—  Phan tich, d4nh gia cic ligand va phirc chat méi ¢ kha nang hinh thanh va

téng hop dua trén cac tinh todn héa luong ti;

—  Thuc nghiém téng hop ligand va phirc chat méi trén cing dbi twong mo

hinh hoa;

—  Xac dinh hang s6 bén cua phirc tong hop va str dung két qua danh gia céc

md hinh QSPR du béo.

TOm lai, Luan an nay st dung phuong phap QSPR két hop véi c4c tinh toan
héa luong tir dé xay dung cac md hinh du bao hang sé bén cua phuc dua trén cac
két qua thiét ké, sang loc cac phuc chat giira thiosemicarbazone va cac ion kim loai.
Tur két qua nhan duoc va cac diéu kién nghién ctu thuc té, Luan an tién hanh thiét
ké cac phac chat mai, dong thoi ciing du doan hang sé bén cua cac phic chat méi
nay tir cac mo hinh xay dung duogc. Bén canh d6, Luan 4n ciing s& tong hop mot s6
ligand va phuc chat mai. Céc ligand va phic chat nay s& duoc ching minh cau trdc
qua cac phuong phap phén tich hoa ly hién dai va danh gia kha nang tao phuc, xac
dinh hiang sé bén bing phuong phap phan tich tric quang. Pong thoi, két qua tur
thuc nghiém s& dugc dung dé danh gia tinh diing dan cac moé hinh ly thuyét. Viéc
md hinh héa QSPR trong luan &n nay la nhitng nghién ctru dau tién vé hang sé bén
ctia phtic chat giira cac ion kim loai va thiosemicarbazone trén thé gioi.

Luan an s& trinh bay day da cac noi dung tir Iy thuyét dén thuc nghiém cua
nhitng phan dugc dé cap & trén. Luan an cd tya dé& “Thiét ké, sang loc va téng hep
mét sé ddn xudt thiosemicarbazone va phic chdt dwa trén cac tinh toan hoa
Iwong tie két hop phwong phdp mé hinh héa QSPR” do NCS. Nguyédn Minh
Quang thuc hién dudi sy huéng dan cua PGS. TS. Pham Vian Tat va TS. Tran Xuan
Mau. Luan an dugc thuc hién tai Truong Pai hoc Khoa hoc — Pai hoc Hué va
Truong Pai hoc Cong nghiép Thanh phd H6 Chi Minh.
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CHUONG 1. TONG QUAN TAI LIEU

1.1. THIOSEMICARBAZONE VA PHUC CHAT
1.1.1. DAn xuit thiosemicarbazone

Dan xuat thiosemicarbazone 1a hop chat chita cdc nguyén t0 nito va luu

huynh, vé1 cau truc chung nhu sau:

Hinh 1.1. Cdu trdc chung cua thiosemicarbazone

Thiosemicarbazone dugc tong hop bang phan mg ngung tu giira aldehyde
hodc keton véi din xuat thiosemicarbazide trong méi trudng chira dung méi va pH
thich hop. Pong thoi, thiosemicarbazone ciing c6 thé thyc hién phan tng khtr hoa
nguoc trd lai dé tao thanh thiosemicarbazide trong moi truong c6 NaBHa:

H R, R; H R,

)L + | | Dung moi, pH | | |
NN O NN

pH, NaBH,

Hinh 1.2. So' d6 phdn #ng tao thiosemicarbazone
1.1.2. Phirc chit ciia thiosemicarbazone véi cic ion kim loai

Hoa hoc phirc chét ciia cac kim loai chuyén tiép véi cac thiosemicarbazone bat
dau phat trién manh sau khi Domagk va cong su di cong bd dau tién hoat tinh
khang khuan ctia mot s6 thiosemicarbazone [39]. Pé lam sang to co ché tac dung
ay cta thiosemicarbazone, ngudi ta da tong hop cac phirc chat cia chung véi cac
kim loai va tién hanh thir hoat tinh khang khuan cta cac hop chat tong hop duoc.

Do ban chét cau tric, thiosemicarbazone dé dang tao phtic v6i cac ion kim loai
chuyén tiép bang cach lién két v6i luu huynh va nito & vi tri 4. Phtic chét cua
thiosemicarbazone s¢ di ciing duoc quan tAm nghién ciru nhiéu do tinh da dang cia
cac hop chét cacbonyl Vi cho phép thay d6i ban chat cac nhom chuc ciing nhu cau
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tao hinh hoc thiosemicarbazone trong mot gidi han rat rong. Tuy nhién, tuy thudc
vao sb lugng va vi tri cac nhém cé kha ning cho electron co trong phan tir ma
thiosemicarbazone c6 thé la phdi tir hai cang, ba cang. Trong dung dich

thiosemicarbazone c6 thé ton tai & dang thione hoic thiol theo can bang sau [71]:

R; R, R, R,
NP | |
AN SN . N N
R4/ N ﬁ R, R4/ N \T/ \R2
S SH
(thione) (thiol)

Hinh 1.3. Can bang giita thione va thiol trong nwéc cua thiosemicarbazone

Dang thione hoat dong nhu mot phdi tir hai cang (hai phdi tri) trung hoa, trong
khi sy mat di proton & vi tri thio (luvu huynh) tir thiol tao ra phdi tir hai cang mang
dién tich. Do d6, hai dang phéi tir trén c6 thé tao phirc hai cang vdi cac ion kim loai

nhu sau [71], [137]:

R, R,
| !
PN
N NH___c” \R2 R /N:C\ R,
3\ - / \\ \C=N
C—N S \ S
N K ¢ m”
R, 4
T )
N N
/O ~
R3 AN Re R3 /N:( R
N/\ /s >—_N\ /S
Ry /M\ (RA Ry v M\ < A
S N s N—
N/H R3 _N/ R3
Ro— Re—y
l l

Hinh 1.4. Khung cau tric phic hai cang ML va ML czia thiosemicarbazone

Do do, tuy thudc vao diéu kién phan ng, dac biét 1a pH, phirc chét tao thanh
c6 thé 1a cation, trung hoa hodc anion. Tuy nhién, trong hau hét cac nghién ciru vé
phire chat ciia thiosemicarbazone véi ion kim loai déu & dang trung hoa dién, trong
khi dir liéu xac dinh trén phirc chira thiosemicarbazone ¢ dang thiol thuong khdng
day du.

Mit khac, tiiy vao ban chat ciia cdc nhom Rs va Rs ma ligand nay tro thanh

phéi tir hai cang, ba cang & cac dang khac nhau khi tao thanh phtrc chét [71]:



Hinh 1.5. Cac dang cau trac khac cua phuc thiosemicarbazone; X =N, O

Pén thoi diém ndy, c6 rat nhiéu cong trinh nghién ctru cac dan xuét
thiosemicarbazone va phirc chat twong tng. Céac nghién ctru ndy xoay quanh nhiing
van dé nhu tong hop ligand va phirc chit, xac dinh cong thic phirc, tinh toan hang
s6 bén, nghién ctru nhiét dong hoc va cac hoat tinh sinh hoc. Tuy nhién, cac nghién
ctru nham chimg minh cdu tric ciia cac phirc chat nay con rat han ché. Do do, cac
kiéu mé ta cdu trac trén 13 sy dinh huéng can thiét trong cong trinh nghién ctru dé
kiém tra ciu trac.

1.1.3. Hing so bén ciia phire
1.1.3.1. Khii quat hing s6 bén

Do bén cua cac hop chét theo nghia chung nhét 12 cac hop chét ton tai trong
cac diéu kién thich hop trong mot thoi gian dai. Do d6, khi khao sat sy tao thanh
phtrc chat trong dung dich ngudi ta st dung dai lwong hang sé bén, day 1a hang sb
can bang cua su hinh thanh phic trong dung dich. Gié tri nay cang Ién thi phirc
cang bén [3], [85]. Trong truong hop tdng quat, phan tng tao phirc dang MLy xay ra
trong dung dich nhu sau [38], [57]:

M+nL =ML (1.1)

Trong d6, M la ion trung tam, L 1a phéi tir (ligand) va n la sé phéi tir (L) trong
phitc MLn. Nhu vay, cong thire tinh hang sé bén (Bin) trong truong hop nay la [99]:
_ ML, ]

[MI{L]

1.1.3.2. Yéu t6 anh hwéng 18n hing sé bén

Bin (1.2)

Cac yéu té anh huong 1én hang sb bén caa phuc [3], [85] bao gom:



Ban chat ion trung tdm gom hai yéu t6, do 1a kich thuéc va dién tich cua ion.
Cac phuc chat bén nhat 1a nhitng phuc chét c6 ion kim loai trung tdm c6 kich thudc
nho va dién tich 16n. Ban chat phéi tir bao gom céc yéu té nhu kich thude va dién
tich cua phdi tir, tinh bazo cua phéi tir, ndng d6 phdi tr [3], [85].

Hiéu ung vong (hiéu ang chelat) bao gom cac yéu té nhu kich thudc vong, sb
lugng vong, anh huong nhdm phu (hiéu ang khéng gian) [3], [85]; hiéu trng vong
I6n (macrocyclic) [59].

Luc ion: anh huéng cua luc ion qua cac hé s6 hoat d6 [123]. Tuy theo diéu kién
cu thé ma céc hé sb nay co thé tinh toan thong qua dinh luat Debye-Huckel [38].

Nhiét do: tat ca cac hing s can bing caa phan ung phu thudc vao nhiét do
theo phuong trinh dang ap Van’t Hoff [22], do d6 hang s6 bén B cua phuc ciing chiu
anh huong nhu vay.

pH va dung méi [3]: pH cd anh huong 16n dén kha nang tao phuc. Piéu nay
duogc thé hién mot phan do kha ning phan tng tao phirc. Bén canh d6, dung méi anh
huong tryuc tiép 1én kha nang hoa tan caa phdi tu, tir @6 anh huang 1én phan @ng tao
phtrc. Mot s6 it nghién ctu mé ta hang sé bén trén nhitng hé dung méi khac nhau.
Diéu nay la khong dic trung d6i voi sy hinh thanh phirc chat. Pay chi 1a nhiing két
qua mang gia tri tham khao trong thuc nghiém.
1.1.3.3. Phwong phap xac dinh hing so bén

Viéc xac dinh hang sé bén cua phtc trudc hét xuat phét tir viéc xac dinh nong
d6 can bang clia mot trong nhirng cau tir tham gia phan ¢ng tao thanh phic chat do.
Ma nong do cua cac chat hda hoc ¢ lién quan dén cac thong sé héa 1y nhu hé s6
phan bd, do din, chiét suat, nhiét do, bién thién thé tich, cong huang tir hat nhan,
bién thién mdmen tir, tinh chat quang hoc... Do dé, viéc xac dinh duoc chdng rat
hitu ich trong viéc xac dinh hiang sé bén. Cac ky thuat hién dai khac nhau [158],
[97] d3 duoc sir dung dé xac dinh hang s6 bén cua cac phirc chat.

Trong nghién cau nay, ching tdi st dung ky thuat do quang phd
(Spectrophotometric) vai phuong phap Benesi-Hildebrand [26], [135]. Phuong
phap nay yéu cau can thuc hién cac nguyén tic: sy tudn theo dinh luat Lambert-
Beer, lya chon budc song rd rang va danh gia cac yéu té pH va lyuc ion.

Trude khi xac dinh hing sé bén caa phirc theo phwong phap quang phd, can

phai xac dinh sé lwong cac nhdm phdi tir gan vai ion kim loai, tirc 1a x4c thanh phan
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cta phirc. Cac phuong phap nay bao gdm phuong phéap Job, phuong phap ty 1é mol
hodc phwong phap d6 déc.

Phuong phap Benesi-Hildebrand [a mot phuong phéap toan hoc dugc sir dung
trong hoa 1y dé xac dinh hang s can bang va cong thirc phuc cia cac tuong tac
khong lién két. Phuong phap nay thuong duoc 4p dung cho can bang phan ang hinh
thanh cac phuc chat. Co so ly thuyét cua phuwong phap nay dua trén phan tich tric
quang, gia tri quang phd hip thu caa céc céu tir phan ung khac s& duoc xac dinh cu
thé. Nhu vay, tir phép do quang phd hap thu cua cac cau tir trong dung dich trudc va
sau phan ng, hang sé bén dugc xac dinh theo phuong trinh Benesi-Hildebrand.

Khao sat su tao thanh phuc: M +nL = ML,

Hang s can bang caa phan tng duge xac dinh theo phuong trinh:

5 = [ML,] n (1.3)
([M]o _[MLH])([L]O _n[MLn])

Néu [MLn] v cling bé so véi [L]o thi

5. = ML) (1.4)
([M], = [ML, ])([L],)
_ [MmL]
(M), -[ML |- =
_ ﬂln[L]on
(ML, ] —[M]o.[—1+ ﬂm[L]o”J (1.5)

Theo dinh luat Lambert-Beer, hé sé hap thu phan tir € cia phtc chat ¢ buéc

s6ng hap thu cuc dai duoc tinh theo phuong trinh:
A=log, 'I—O —£1C = £l [ML ] (1.6)

Sép xép lai phuong trinh (1.5) va (1.6) ta co:
M,__ 1 1

A pel[L] el

(1.7)

Phuong trinh (1.7) 1a phuong trinh Benesi-Hildebrand c6 dang y = ax + b, véi:

1 [M]O

X= nvay=
[L]; A

Tir phuong trinh (1.7) ¢6 thé xac dinh dugc céc gid tri:



a=

1 1 b
yb=— =— 1.
Bl el = P a (1.8)

1.2. LY THUYET QSPR
1.2.1. Gi6i thiéu

1.2.1.1. Khai quat phwong phap moé hinh héa QSPR

Sy mé hinh hoa dugc thuc hién trén mot tap sb liéu cua cac chat cé ciu tric
tuong tu nhau nham phaét trién mot méi quan hé toan hoc giita mot dap tng hoa hoc
(X) va cac thudc tinh dinh lwong hoa hoc (S) dugc xac dinh cu thé qua sy phan tich
phan tir dugc goi 1a md hinh QSXR [86], phé bién nhat 1a md hinh QSAR va mé hinh
QSPR. Trong nghién ctru nay, ching t6i sir dung thuat ngir QSPR dé mo ta méi quan
hé dinh luong gitra cdu trdc va tinh chat duoc thong qua logarit cua hang sé bén
(logPpq) cuia phuc gitra thiosemicarbazone va ion kim loai. Do d6, c6 thé biéu dién
hinh thie co ban cua ky thuat QSPR bang toan hoc theo phuong trinh (1.9) [86]:

logfpq = f(cau tric hoa hoc, tinh chdt hoa 1Y) (1.9)

trong d6 cau triic hoa hoc 1a tap hop céc tham sb dic trung cho cau tric caa phan ti,
thuong duoc hiéu 12 bo md ta phan tir; chat hoa ly 1a cac tham sb c6 thé tinh duoc tur
ly thuyét va cac gia tri thu thap tir thyc nghiém. Ton tai nhiéu phuong phap toan hoc

dé xay dung cac mé hinh QSPR ma ching tdi s& dé cap chi tiét ¢ phan sau.
800

700

S6 lugng cong bd
D
o
o

w
o
o

1966
1968
1970
1972
1974
1976
1978
1980
1982

o 1984
2002
2004
2006
2008
2010
2012
2014

& 1986
o, 1988
& 1990
z 1992
1994
1996
1998
2000

Hinh 1.6. Thong ké cac bai bao cong be vé nghién cizu QSAR/QSPR

Hién nay, linh vic nghién ctu vé QSAR/QSPR phd bién trén thé gii va co
khoang 11.000 cong trinh duoc xuat ban tir nim 1966 dén nam 2015 (Hinh 1.6) [31].
Phuong phap QSXR xuat hién nhirmg nam cudi thé ky 19 va phat trién cho dén

nay (Hinh 1.7) [86]. Hién nay, khoa hoc vé QSPR dugc thanh lap dua trén viéc s
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dung c6 hé théng cac mo hinh toan hoc. Trén quan diém da bién, day la mét trong
nhitng cdng cu tng dung dé thiét ké thudc dugc hoc, thudc trir sdu hién dai va c6

vai tro ngay cang tang trong nhic¢u linh vuc nhu hoa hoc, moi truong.
Crum-Brown Din xudt strychnine Mo hinh toan twong quan hoat tinh sinh
HH 1868 va Fraser Ty hoc va cau triic hoa hoc
N A A in Hoat tinh gdy nghién lién quan dén hé s6
Il 1899 Meyer va Overton ~ Hop chat gay nghién phén tén diu 6 liw/nude
HH Hammett Din xuét axit benzoic Mo hinh !_liER:Atgong duan h?ng it
Hammett va toc d¢ ion hoa va hang s6 o
T — Din xuét Su mé hinh hoéa twrong quan hing sé
HH Chloromycetin Hammett va dai lugng ky nude ©
HH Free va Wilson Congeneric Hoat tinh tu(ing quan voi hfrp chat goc va
dan xuat ciia ching
HH Randic Pua ra céc khai niém: chi sb connectivity,

Alkyl hydrocarbon electrotopological state-atom va su tuong
HH Kier va Hall quan cta chung voi nhiét do soi.

> Nhirng tién b trong ciu trac lién két

Hm Nhirng nim cudi thip nién 1970 (topology) thic déy QSAR/QSPR

. 3D-QSAR/QSPR bit diu: k¥ thuat
I[1988 Cramer Steroid CoMFA duoc gi6i thigu

Lich sir phat trién ciia QSAR/QSRP: nhiing c6t mdc quan trong

Il Nhiing nim cudi thap nién 1980 > Nhing tién bo trong 3D-QSAR/QSPR
Hm 1990 tré vé sau > Nghién ctru sang loc 4o, tiép can dya trén ligand va cdu
truc khac nhau bao gom nghién ctru docking.
Il 1997 tréy vé sau > Nghién ctru QSAR/QSPR da chidu nhur 4D, 5D, 6D,
7D duoc hinh thanh

.
Hinh 1.7. Nhiing cét méc kham pha quan trong trong nghién cizu QSAR/QSPR
1.2.1.2. Nguyén ly phat trién mé hinh QSPR
M6 hinh QSPR phai dap tng yéu cau cua cac nguyén ly OECD [100] nhu sau:
—  Diém cubdi xac dinh;
— Gial thuat rd rang;
—  Mién tng dung dugc xac dinh;
—  Céc chi s6 thong ké phu hop va kha nang du béo tot;
—  Giai thich co ché néu c6 thé.
1.2.1.3. K§ thuit phat trién mé hinh QSPR
Qua trinh phat trién md hinh QSPR bao gom céc budc chinh sau [86]:
—  Lua chon cac phan tir can xay dung md hinh véi tinh chat mong mudn;

— Lwa chon bd mo ta phan tu;



Chuén héa nhém mé ta ban dau;

Xay dung mo hinh;

Kiém tra — d4nh gia mé hinh;

—  Ung dung mé hinh.
1.2.1.4. Nhirng wu diém chinh tir sy mé hinh héa QSPR

Phuong phap md hinh héa QSPR giup thuc hién cac quy trinh lién quan dén linh
vuc hoa hoc mot cach hiéu qua, an toan, than thién méi trudng va tao diéu kién phat
trién quy trinh hoa hoc bén vitng. Ngoai ra, QSPR con ¢6 nhitng diém manh sau [86]:

— i dau trong linh vuc kham pha va t6i wu hoa;

— Ut tién sir dung hoa chat can thiét;

—  Giam s thi nghiém;

—  Tiét kiém thoi gian va tién bac;

—  Kham phé co ché lién quan két qua nghién cuu:;

—  Panh gia rai ro khi sir dung hoa chat;

—  Hoat dong hda hoc bén viing.
1.2.1.5. Ung dung k§ thuit mé hinh héa QSPR

Trong cac md hinh QSPR tén tai su giao thoa cua cac linh vuc hoéa hoc, thong
ké, sinh hoc trong cac nghién ctu hoat tinh va tinh chat. Trong khoa hoc vat liéu,
QSPR ¢6 nhiéu ttng dung nhu md ta trong Hinh 1.8 [86].

Nano
oxit kim
loai

Vit liéu
sinh hoc

Hinh 1.8. Cdc linh vuc 1ng dung cua QSPR trong khoa hoc vdt li¢u

M6t sé tng dung 16n cia md hinh héa QSPR nhu sau [86]:
—  Du doan céc tinh chat hoa ly, hoat tinh sinh hoc va hiéu rd hon cac dic tinh

ly hda trong cac phan ng sinh hoc trong thiét ké thudc;



—  Thiét ké nhiéu san pham khéac nhau nhu chét hoat dong bé mat, nudc hoa,
thuéc nhuém va héa chat mong mubn mat cach hop ly;

— Du doan Vé céc tinh chat hoa hoc cua c4c phan tu;

— Du doan vé sy ton tai cua cac phan tir duoc giai phong vao moéi trudng;

—  Xac dinh cac hop chét doc hai ¢ giai doan dau cua qua trinh phat trién san

pham, du doan doc tinh di v4i con ngudi va méi trudng.
1.2.2. Xay dung dir liéu
1.2.2.1. B0 mo ta phan tir
M6 hinh QSPR biéu dién mot phuong trinh todn hoc trong dé c6 sy tuong
quan tinh chat cua phan ta véi cac tham sé dinh lugng tinh toan hoic thuc nghiém
khac nhau dugc goi 1a bo mé ta phan tir [86]. Cac mo ta nay twong quan véi cac tinh
chét thdng qua céc gia tri thuc nghiém bang cach sir dung céc cong cu hoéa tric hoc
(chemometric) dé xay dung mé hinh QSPR cé y nghia thong ké. Bo md ta phan tu
la thuat ngir mé ta thong tin cau trac dic trung cu thé cua phan tir nghién ctu va la
tap hop cé4c gid tri dinh luong lién quan dén cau tric hoa hoc vai cac tinh chat hoa
1y khac nhau. M6 hinh dugc phét trién s& cung cap mot céi nhin sau sic dang ké vao
cac diéu kién can thiét vé cau tric cua phan tir dén dap tng hoa hoc nhu tinh chét
hay hoat tinh ctia phan tir nghién ciu [55]. i cach khac, dap @ng hda hoc cé thé duoc
trinh bay bang ham toan hoc cua bd md ta nhu phuong trinh (1.9).
Pé xay dung mo hinh QSPR dang tin cdy, mot bo md ta 1y twong can co céc

tinh chét sau day [86]:

— M0 ta phu hop véi mot nhdm hop chat;

— M0 ta phai twong quan véi cac dap tng hda hoc duoc nghién ciu, dong
thoi khdng c6 su twong quan hay twong quan khong dang ké véi cac mo ta
khac;

— M0 ta phai duoc tinh toan nhanh va doc 1ap véi dai lwong thuc nghiém can
nghién cau;

— M0 ta phai c6 céc gia tri khac nhau cho céc phan tir cau tric khdng giong
nhau, ngay ca khi su khac biét vé cau tric 1 rat nho;

— M0 ta c6 thé duoc giai thich d& dang nham tham chiéu cac tinh chat cho

cac hop chat nghién ctu.



M0 ta cO thé dugc phan loai khac nhau tly thudc vao phuwong phap tinh toan
hoidc cach xac dinh chiing nhu theo tinh chét hoa ly, theo cau tric, hinh hoc, electron
dwa vao tinh toan orbital phan ti, hinh hoc dya trén tinh toan dién tich bé mit phan tir
hoic cac tham sé tir két qua thuc nghiém [84], [89], [148]. Mt khac, bo md ta ciing
c6 thé duoc phan loai dia trén quan diém chiéu [86]. Trong phan nay, ching toi s&
gi6i thiéu bdo md ta phan tir bao gom cac md ta duoc tinh toan tir cac ngudn khac

nhau st dung trong pham vi nghién ctru cua dé tai. Cac mé ta bao gom:

% M0 ta tir ciu tric phan tir

M6 ta nay bao gom 230 md ta chira cac nhdm khac nhau nhu nhém chi s6 hinh
hoc, nhém tham sb héa 1y va nhiét dong, tham sé electron, tham sé khéng gian. Céc
mo ta nay duogc tinh todn duya trén biéu dién do thi cua cac phan tir va do d6 chiing
khong yéu cau dy doan bt ky tinh chat hda ly nao hoic ciing khong can cac tinh
toan nghiém ngat lién quan dén ngudn géc cua cac md ta hoa hoc luong tir. Viéc
xay dung cac mo ta nay duya trén dic tinh cau tric hoa hoc theo ly thuyét do thi [84].
C6 thé gigi thieu mot vai mo ta duoc st dung trong nghién cau nhu ABSQ,
ABSQon, MaxHp, MaxNeg, MaxQp, Ovality, Polarizability... Cac m6 ta duoc su

dung rong rai trong phat trién md hinh nay duoc trinh bay trong Phu luc 1 va 2.

« MO ta tir tinh toan lwgng tir

Cac md ta nay duoc sur dung pho bién [86], [148] trong cac md hinh QSPR
bao gdm cac md ta duoc tinh toan tir két qua luong tir nhu khéi luong phan ti
(MW), nhiét tao thanh AHs (kcal/mol), tong ning luong (eV), ning luong electron
(eV), nang lugng tuwong tic nhan — nhan (eV), moé men ludng cuc (debye), nang
lugng ion héa (eV), HOMO, LUMO, dién tich Cosmo, thé tich Cosmo, dién tich
riéng phan caa cac nguyén tir trén khung cau trc caa phuc chat.

)/

s MO ta twr thwc nghiém

Cac md ta nay [86] la cac gia tri dinh lwong bao gém cac diéu kién thuc
nghiém cua cac phan ung téng hop céc hop chét nghién ctru. Trén co sé d6, hang sb
bén cua phirc duoc nghién ciu trén céc ligand va ion kim loai khéc nhau ¢ cac diéu
kién khac nhau. Cac diéu kién nay duoc xem nhu 1a cc bién sé trong qua trinh xay
dung md hinh QSPR nén ciing dugc xem nhu 13 cac tham sé md ta. Cac tham sb

nay duoc goi 1a tham sé6 mé ta thuc nghiém nhu pH, luc ion (1), nhiét 46 (T,°C).
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1.2.2.2. Phan chia dir li¢u
Thuyc té c6 nhiéu phuong phap phan chia dit liéu [86], trong phan nay, ching toi
trinh bay hai giai thuat dya trén su phan loai theo cum dugc sir dung trong nghién cuu
dé tai, d6 1a su phan cum k-means va su phan cum phan cap tap hop (AHC).
% Swphan cum k-means
Sy phan cum k-means 12 mot phuong phap dinh luong vécto, ban dau tir xt ly
tin hiéu, phuwong phap nay sir dung phd bién trong phan tich cum khai thac dit liéu.
Sy phan cum k-means nham muc dich phan chia n quan sat thanh k cum trong d6
mdi quan sat thugc vé cum co gia tri trung binh gan nhat, phuc vu nhu mét nguyén
mau cia cum. Diéu ndy dan dén viéc phan ving khdng gian dit liéu thanh cac 6
Voronoi. Giai thuat phan loai su phan cum k-means dugc McQueen gidi thiéu vao
niam 1967 [91]. Céc giai thuat trong tu khac (nhu giai thuat trung tam di chuyén) da
duoc Forgey phat trién nam 1965 [44] va Friedman phat trién nam 1967 [45].
Nguyeén tic ciia phuong phap k-means 1a mot phuong thuc lap di 1ap lai, bat
ctr noi nao khi bat dau, hoi tu vao mét giai phap. Cac giai phap thu dugc khéng nhat
thiét phai gidng nhau cho tat ca cac diém khoi dau. Vi ly do nay, cac phép tinh
thudng dwoc 13p lai nhiéu lan dé chon giai phép tbi wu cho tiéu chi di chon [86].
Déi vai lan lap dau tién, mot diém bat dau dugc chon bao gom viéc két hop trong
tam cua céc 16p k voi cac k dbi tuong (hoic duoc lay ngau nhién hay khéng). Sau
d6 khoang céch gitra cac dbi twong va cac trong tdm k duoc tinh toan va cac déi
tugng duoc gan cho cac trong tam gan nhat. Sau dé, cac trong tam duoc dinh nghia
lai tir cac ddi twong dugc gan cho cac 16p khac nhau. Cac d6i tuong sau d6 duoc
gan lai thy thudc vao khoang cach tir cac trung thm méi. Va nhu vay cho dén khi dat
dugc hoi tu [86].
Cho bo dir liéu quan sat (X1, Xz,..., Xn), trong d6 mdi quan sat 1a mot vécto thuc
d chiéu, su phan cum k-means nhiam phan chia n quan sét thanh k tap (k<n) 1a S =
{S1, Sz,..., Sk} dé tbi thiéu téng binh phuwong trong nhom, tic 13 phuong sai. Do d6
muc tiéu 1a dé tim [17], [43], [70]:
arg Sminzk:ZH X—u | =arg Smin Zk] S, | Var S, (1.10)
i=L xS, i=L
trong d6 g la diém trung binh trong Si. Piéu nay tuong duong véi viéc tdi thiéu
téng binh phuwong do léch cua cac diém trong ciing mot cum [17], [43], [70]:
11



S|
arg Sman— Dlx=yl?

A STl e (1.11)
Sy twong duong c6 thé dugc suy ra tir biéu thae [17], [43], [70]:
Dllx=m =D (x= )14 —Y)
Xe$; x#yeS; (1.12)

Do tong phuong sai 1a hang sd, diéu nay ciing twong dwong véi viéc cuc dai
tong binh phwong d6 léch gitra cac diém trong cac cum khac nhau (tong binh
phuong giira cdc nhdm) [80] sau d6 d& dang theo dinh luat tong phwong sai.

% Sw phan cum phan cap tap hep

Su phan cum phan cap tap hop (AHC) [17], [43], [70] di tim cac truong hop
cum tuong ddi dong nhat dya trén khoang céch giita cac doi twong. Cach don gian
nhat va duoc chap nhan chung vé khoang cach tinh toan gitta cac ddi tugng trong
mot khong gian da chiéu 14 tinh toan khoang céch Euclide hodc khoang cach binh
phuong Euclide. Phuong phap nay bat dau véi mdi truong hop nhu 1a mot cum
riéng biét va sau do két hop cac cum lién tiép, giam sb luong cum tai mdi budce cho
dén khi chi con mot cum. Mot so do cay biéu dién méi quan hé phan loai dix lidu c6
thé dugc tao ra dé hién thi cac diém lién két, tic 12 cac cum duoc lién két véi cac
muc do khéac nhau tang 1én.

Nguyén tic cua phuong phap rat don gian, qua trinh bat dau bang cach tinh
toan sy khac biét gitta N ddi twong. Sau d6, khi hai d6i twong dap tng diéu kién toi
thiéu tiéu chi két hop di cho thi dwgc nhdm lai véi nhau, do dé tao ra mét 1ép bao
gom hai d6i twong nay. Sau dé, su khac biét gitra 16p nay vai (N - 2) dbi twong con
lai duoc tinh toan bang cach st dung tiéu chuan két hop. Hai d6i twong hoac cac 16p
d6i twong c6 phan cum clng nhau s& thu nho tiéu chuan két hop sau d6 duoc nhém
lai v&i nhau. Qua trinh nay tiép tuc cho dén khi tat ca cac ddi twong da dugc nhom
lai. Cac hoat dong phan cum lién tiép ndy tao ra mot cdy phan cum nhi phan
(dendrogram), ma géc 1a 16p chira tat ca cac quan sét.

Xeét tap X = {Xxq, X2,..., Xn}, QuUa trinh thyc hién theo cac budc sau [88], [153]:

—  Bit dau phan tach cum cé mic L(0) = 0 va s6 tha tu m = 0;

— Tim cap cd khoang cach nho nhat trong cum hién tai, goi la cap (r), (s) V6i

d[(r),(s)] = min{d[(i),(§))]} 1a muc thap nhat trén tat ca cac cap cum trong

cum hién tai.
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—  Tang lién tuc: m = m + 1. Hop nhat cac cum (r) va (s) thanh mot cum don
I& dé tao thanh nhom tiép theo m. Bat mac d6 phan cum nay thanh L(m) =
d[(r).(s)]-

—  Cap nhat ma tran khoang cach D bang céch x6a cac hang va cot twong wng
véi cac cum (r) va (s) va thém mot hang va cot twong ang véi cum mai
dugc hinh thanh. Khoang cdch gitra cum mdi, ky hiéu (r,s) va cum ci (k)
dugc xac dinh bang céach: d[(K), (r,s)] = min{d[(k),(N]; d[(K),(s)]}.

— Néu tat ca cac diém dir liu nam trong mot cum thi dirng, 1ap lai tir budc 2.
1.2.3. M6 hinh toan hoc va giai thuat

1.2.3.1. Héi quy tuyén tinh bi

Muc dich ctia hoi quy tuyén tinh da bién (MLR) la xay dung mé hinh tuong quan
gitta hai hay nhiéu bién doc 1ap va mot bién phu thudc bing cach xay dung mot
phuong trinh tuyén tinh cho céc s6 lidu quan sat [30]. Mdi gia tri bién doc 1ap x lién hé
VGi mot gid tri bién phy thudc Y. M6 hinh hdi quy MLR duoc biéu dién: [86], [140]

y=b, +bx +bX, +bx, +...+b X, +¢ (1.13)

Trong d6, m 12 s6 bién doc 1ap; by, ba,..., bm cac hé s6 hdi quy va y bién phy
thuoc; ¢ 1 sai s6. Cac hé s6 hoi quy dic trung cho su dong gop doc lap caa moi
tham s6 md ta phan ta. M6 hinh MLR dugc xac dinh bang phuong trinh ma tran
[86], [140]

Y =Xb+E (1.14)
Khi X 1a ddy day du thi 1o giai cuc tiéu hoa la [86], [140]
b=(X"X)" XY (1.15)

Trong d6 b 12 gié tri wdc luong cho hé sé hdi quy. M6 hinh MLR dugc xay
dung tr mot tap luyén, tap danh gia va du doan ngoai.
1.2.3.2. Hoi quy binh phwong tbi thiéu riéng phin

Phuong phap nay nhanh chéng, hiéu qua va téi uu cho mét tiéu chi dya trén
cung phuong sai. Binh phuong tdi thiéu riéng phan dugc khuyén céo sir dung trong
truong hop s6 luong bién cao va cd kha niang cac bién giai thich c6 twong quan.
Binh phwong t6i thiéu riéng phan (PLS) duoc sir dung dé xay dung cac mé hinh hoi

quy dya vao su phan tich bién an lién quan dén hai khéi ma tran X va Y, bao gém
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cac bién doc 1ap x va bién phu thudc y. Cac ma tran duoc phan chia thanh tong caa
cac bién an f nhu [86], [145]
X=TP"+E=) t.p,+E (1.16)
Y=UQ"+F=uq,+F (1.17)

Trong d6 T va U la cac ma tran dac trung cho X va Y tuong tng; P va Q la ma
tran hé sb twong (ng; E va F 12 c4c ma tran sai s6; hai ma tran X va Y tuong quan
theo T va U dic trung dbi voi mdi bién an [86], [145]

u, =b,t, (1.18)

Trong d6 br 1a hé s6 hdi quy cho bién an f. Ma tran Y c6 thé duoc tinh tir u,
hang sé bén cua cac phac chat mai co thé duoc tinh toan tir cac T maéi thé vao
phuong trinh (1.17) dan dén phuong trinh (1.19) [86], [145]

Y =TBQ" +F (1.19)
Y, =UBQ" (1.20)

Trong phan tinh toan ndy, can tim s bién an tt nhat duoc thuc hién chuan
hoa bang k¥ thuat danh gia chéo dya vao sai sé du doan cuc tiéu. Mo hinh PLS
duoc thao luan ¢ nhiéu cong trinh.
1.2.3.3. Hoi quy thanh phan chinh

T mot tap dix lieu {X, Y}, trong d6 X 1a mot ma tran véi n quan séat va p bién
s6; Y 1a vector bién phu thudc trong tng, cac sb liéu duoc tip trung va khéng duoc
xur 1y truéc, hdi quy tuyén tinh boi chuan MLR duoc dua vao ma tran (1.14).

Dic trung chinh ctia hoi quy thanh phan chinh (PCR) Ia gié tri dap ang Y
khong twong quan truc tiép véi X nhung ¢6 twong quan véi thanh phan chinh. Cac
thanh phan chinh nhin duoc bing cach phan tach X bing phuong phap phan tich
thanh phan chinh (PCA) [79], [86]

X=>tp.=TP (1.21)

Trong d6 T = [tu, to, ... tg], P = [P1, P2, ...Pq], ti 1a thanh phan chinh tha i; pi 1a
vector riéng thir i cua X°X; g la hang cua X va T = XP.

Trong hoi quy thanh phan chinh, néu k thanh phan dau (k < q) duoc st dung
cho hdi quy, thi phuong trinh hdi quy duoc viét nhu sau [79], [86]

Y=TPb+e=Ta, +e (1.22)

trong d6 T1 = [t1, t2, ..., &], P1 =[Py, P2, ..., P, @, = P,b va e la vector sai so.
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Thuc hién binh phuong tdi thiéu (1.22), nhan duoc phuong trinh [79]
& =(IT) Ty (1.23)
Panh gia phuong trinh hoi quy thanh phan chinh PCR cua b (b,), loai bo (q-k)
thanh phan sau d6, ¢ thé nhian duoc phuong trinh (1.24) [79]
b, =R(T,T))'T,y (1.24)

Céc gia tri dap tng dy doan dya vao X bang IQP duoc cho bang ma tran [79]:
§=Xb, (1.25)

1.2.3.4. Mang thén kinh nhin tao

Mang than kinh nhan tao (ANN) la hé thng tinh toan lay cam hang tir cac
mang than kinh sinh hoc tao thanh b ndo con ngudi. ANN gidng nhu bd ndo con
ngudi, duoc hoc boi kinh nghiém théng qua huan luyén, c6 kha ning luu gitr nhitng
kinh nghiém hiéu biét thanh tri thrc va st dung nhitng tri thie d6 trong viéc du
doan céc dir liéu chua biét [122]. Mot mang ANN duoc cau thanh tir cac noron don
I& (perceptron). Trong do6, cac noron nhan tao dugc md phong tir noron sinh hoc
nhu hinh mo ta dudi day [122]:

’_\‘h‘T I'hén t¢ bao
than kinh
J

\{) / & Nhan
\

Sqi true S true "~

noron tnroc

Thén ¢ bao \

S nhinh

F
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= 2 g ' y
&
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& { [ Nhin /4 ' “\
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e,
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S¢1 nhinh

o
o
~
-

Hinh 1.9. Cdu tgo va su truyeén tinh hiéu cia noron sinh hoc

Ham tong 1a ham tinh téng trong sé cua tat ca cac dau duge dwa vao mdi
noron va duoc dinh nghia bang mét luat lan truyén cu thé, néu cong thém gia tri
ngudng 6 tao ra mot gia tri dau vao mang (netj). Ham tong zj ciia mot noron vai N

dau vao va gia tri diu vao mang netj duoc tinh theo cong thirc sau [33], [34]:

z, :;xiwij ; net, :Z;Xiwij +0, (1.26)
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Nhu mé ta tir Hinh 1.9, qué trinh xir ly théng tin cia mot noron c¢6 thé mo ta
trong hinh dudi day [122]:
Bién dau vao Trong s6

X1

X2 Ham tong Ham truyén

netj
X3

4

net, =;

WX, +6, 0; = g(net)

U]

Xn

Hinh 1.10. Qua trinh xu ly théng tin ciza mot noron

trong do6 Xi: cac gia tri clia 10p dau vao; Wji: cac trong sd twong ung vdi cac dau vao;
6;: gia tri ngudng; netj: dau vao mang; 0j: ddu ra cua noron; g(netj): ham truyén.

M&i quan hé gitta ham tong va dau ra dugc thé hién bang ham truyén. Ham
truyén 1a ham chuyén dau ra mang (net;) tir két qua ham tong két hop voi ngudng thanh
diu ra mang ANN. Trong ANN thuong st dung cac ham truyén sau [51], [122]:

Ham sigmoid: g(x) =logsig(x) = — (1.27)
l+e
A L : 1-e™
Ham hyperbolic sigmoid tangent: g(x) =tansig(x) = Tre (1.28)
_|_

Dua va0 cau tao, nguyén ly hoat dong va chirc ning cta noron sinh hoc, kién
trdc mang ANN duoc md ta qua sé dau vao, s6 16p, s ndt trén mdi 16p va sé dau ra.
Thong thuong trong qué trinh tinh todn xay dung mang ANN thuong stir dung ba 16p,
d6 1a mot 16p dau vao véi m dau vao, mot 16p an véi n nat va mot 16p dau ra véi k dau
ra, do d6 nguoi ta hay ky hiéu kién triic mang nay 1a I(m)-HL(n)-O(k) [51], [122]. Do
do, trong mot ANN ¢6 thé ¢ nhiéu 16p an va mdi dau vao & 16p dau vao tuong Gng Voi
mét thudc tinh caa dit liéu can nghién ciu. ANN duoc luyén hay duoc hoc theo hai ki
thuat co ban do l1a hoc c6 giam sat va hoc khdng giam sat [122].

Pénh gia 1a qua trinh sir dung mot phan cua tap di lidu dé udc lugng cac tham
s6 md hinh va str dung mot phan khac dé du doan mang. Tap luyén duogc st dung dé
wdce luong cac tham sé mo hinh. Tap danh gia dugc sir dung dé danh gia kha ning
du doan ctia md hinh. Tap kiém tra 1a mot danh gia cudi cung, danh gia doc 1ap vé

16



kha ning du bdo md hinh. Bé huan luyén mot mang va xét xem thyc hién tét dén
dau can xay dung mot ham muc tiéu dé cung cap cach thirc danh gia kha ning hé
théng mot cach rd rang. Viéc chon ham muc tiéu 1a rat quan trong vi ham nay thé
hién cac muc tiéu thiét ké va quyét dinh thuat toan luyén nao duoc ap dung [122].
Ham co ban duoc st dung rat rong rdi, mot trong sé chdng 1a ham tong binh
phuong sai s6 (SSE).

R/

< Mang truyén thang nhiéu I6p (MLP) va Giai thuat lan truyén ngwec

Mang truyén thang nhiéu Iép (MLP) [125] la mét trong nhitng mang truyén
thang dién hinh thuong duoc st dung trong cac hé thong ANN. Mot mang MLP
cling c6 cau trdc bao gdm mot 16p vao, mot 16p ra va mot hodc nhiéu 16p an. Cac
noron dau vao tiép nhan cac dir liéu vao va chuyén cho céac 16p ké tiép. Cac noron &
16p an va 16p ra méi thuc sy thuc hién cac tinh toan, két qua dugc xac dinh boi ham
truyén. Mai lién két gian véi mot trong s, trong sé nay duoc thém vao trong qué
trinh tin hiéu di qua lién két d6. Mdi noron tinh toan mirc kich hoat cua ching bang
cach cong tong cac dau vao va dua ra ham truyén. Mot khi dau ra cua tat ca cac
noron trong mot 16p mang cu thé da thuc hién xong tinh toan thi 16p ké tiép co thé
bat dau thuc hién tinh toan cia minh bai vi dau ra cuaa Iép hién tai tao ra dau vao
cua 16p ké tiép. Khi tat ca cac noron da thyuc hién tinh toan thi két qua duoc tra lai
boi cac noron dau ra. Tuy nhién, c¢6 thé 1a chua dung yéu cau, khi d6 mot thuat toan
huan luyén can duoc ap dung dé diéu chinh céc tham sé cua mang. i cach khac viéc

suy luan trong mang MLP Ia suy luan tién (feedforward):

n(m
(m+1) _ (m+1) (m) (m+1)
net, ™ = levv”. 0, +6, (1.29)
j=
(med) _ (me)

0™ = f (net ™) (1.30)
r o oA(M) A AT W T
trong d6 N"so lugng nit ¢ 16p m tuwong ung; 0, la nut mang tht j cua I6p m;
w, ™ 1a trong sé clia dau vao o,™ doi véi nit mang th j cua 16p (m+1); 6™ 1a
d6 léch (bias) cua nut mang ther i cua 16p (m+1). Pau ra cua nGt mang nay duoc
biéu dién bang o™ ung voi ham truyén f (neti‘m”’) tuong tng. Riéng vai 16p dau

vao a® chinh 1a cac dau vao x twong (rng ctia mang.
Pé tien tinh toan, ta coi 0,™ Ia mot dau vao va w, ™ = 8™ [a trong s6 cua

dau vao nay. Luc d6 ta co6 thé viét lai cong thic trén dudi dang vécto:
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net, ™ = w (™Y o™ (1.31)

0™ = f (net ™) (1.32)

Néu nhém cac trong sé ciia mdi 16p thanh mot ma tran cé cac cot twong tng

Vvé6i trong s mdi nt mang thi cd thé tinh toan cho toan bo cac nat trong mot 16p
bang vécto:

net™? =w™? o™ (1.33)

0™ = f (net™™) (1.34)

Mang MLP duogc luyén bang phuong phap hoc c6 giam sat. Phuong phap nay
Vvé co ban dua trén viéc yéu cau mang thyuc hién chirc ning cua va sau do tra lai két
qua, két hop két qua nay voi cac dau ra mong muon dé diéu chinh cac tham sé cua
mang, nghia la mang sé hoc théng qua nhirng sai s6t cua .

Mot trong nhitng giai thuat duoc ang dung pho bién nhat Ia giai thuat lan
truyén nguoc. Giai thuat nay duoc Rumelhart va cong sy dé xuat nam 1986 [125],
nho d6 ma mang ANN dy bao mot cach hiéu qua va ang dung rong réi.

Giai thuat lan truyén nguoc 1a dang tong quat cua giai thuat trung binh binh
phuong t6i thiéu (LMS). Giai thuat nay thudc dang giai thuat xap xi dé tim cac diém
ma tai d6 hiéu nang ctia mang la toi vu. Chi sb toi vu thudng duoc xac dinh bang
mot ham sb ciia ma tran trong sé va cac dau vao nao d6 ma trong qua trinh tim hiéu
bai toan dat ra. V& mat toan hoc, phuong phap nay dya theo quy tic chudi dao ham
ctia ham hop va phép tinh nguoc dao ham dé thu dugc dao ham theo tat ca cac tham
s6 cuing IGc chi véi hai 1an duyét mang. Giai thuat nay duoc thyuc hién cac budc sau:

—  Budc 1: Lan truyén thang céc tinh toan trong mang ;

—  Budc 2: Lan truyén nguoc;

—  Budc 3: Cap nhat lai cac trong s6 va do léch tuong Gng.

Giai thuat dung lai khi gia tri caa ham muc tiéu tré nén du nho.
1.2.3.5. May hoc vécto hd tro

May hoc vécto hd trg (SVM) la mot khai niém trong linh vuc théng ké va
khoa hoc may tinh dé xay dung cac md hinh hoc c6 gidm sat véi cac giai thuat hoc
lién quan dén phan tich dit liéu duoc st dung dé phan loai va phan tich hdi quy [14].
Giai thuat vécto hd tro (SV) 1a mot giai thuat phi tuyén duoc phét trién dau tién ¢
Nga do Vapnik va Lerner vao nam 1963 [14]. 1a nén tang viing chic trong khuén
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kho ly thuyét hoc tap théng ké (ly thuyét VC) da duoc phat trién trong ba thap ky
qua boi Vapnik va Chervonenkis (1974) va Vapnik (1995) [14]. Tém lai, ly thuyét
VC mé ta dic tinh may hoc, cho phép chiing khai quét hoa dit liéu khdng nhin thay
duoc [14].

SVM xay dung mét siéu phiang hoac mét tap hop cac siéu phang trong mot
khong gian nhiéu chiéu hoic vé han chiéu, c6 thé sir dung cho phan loai, hdi quy
hoac céc bai toan khac. Mot cach truc giac, dé phan loai tét nhat thi cac siéu phang
nam & cang xa cac diém dir liéu cua tat ca cac 16p (goi 1a ham 1) cang tét vi i chung
1& cang I6n thi sai s6 tong quat hoa cua giai thuat phan loai cang bé [14].

Gia st khao sat tap di liéu luyén c6 n diém:

D={(X,y)|% eR"y e{-11}, i=1+n
trong d6 y, nhan gia tri 1 hodc —1, xac dinh 16p caa diém X.. M&i diém X 1a mot
vécto thuc d chiéu. Bai toan dat ra 1a can tim siéu phing cd 1& 16n nhat chia cac
diém X.co y,= 1 va cac diém X c6 y,= -1, duoc xac dinh sao cho khoang cach giira
siéu phang va cac diém gan nhat X tir hai nhom la cuc dai.

MJi siéu phang déu co thé duoc viét dudi dang tap hop cac diém X thoa man:

BX—b=0 (1.35)

O day, @ la vécto phap tuyén cua siéu phang. Tham s6 xéac dinh khoang

—

w

cach giita gic toa do va siéu phang theo hudng vécto phap tuyén .

Trong hdi quy &-SV caa Vapnik nim 1995, muc tiéu Ia tim mot ham héi quy
y = f(x) dé du doan dau ra {yi} twong @&ng véi mot tap hop cac mau dau vao méi
{xi} c6 @6 léch & 16n nhat so véi muc tiéu thc té thu duoc cho tat ca dix lidu luyén
va ddng thoi cang phang cang tét tac 1a cuc dai hda 18 [14], [35]. i cach khac, néu
khong quan tdm dén cac sai s6 mién la ching nho hon & va khong chap nhan bat ky
do6 lech nao 16n hon thi ham tuyén tinh f (@, x) duwoc Mo ta nhu sau [14]:

f(w,X)=wX+b (1.36)

trong d6 & 1a vécto trong s, b 1a hang sb, véi @ e R?, beR. DAu “” 1a tich vo
huéng cia hai vécto. Ching ta cé thé viét van dé toi vu 16i [14]:

Cuc tiéu héa: | @ ||
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y —(@X +b)<e
(X +b)—y <&

voéii=1+n

biéu kién: {

X2

Hinh 1.11. M6 phong lé trong héi quy SVR

Tuy nhién, dir liéu dau vao cua cac van dé phi tuyén tinh khong thé lién quan

truc tiép dé cung cap cho dau ra mong mudn tuyén tinh. M6 hinh tuyén tinh sau c6

thé duoc xay dung bang cach sir dung ham anh xa phi tuyén ¢(x) chuyén khdng gian

dau vao (x) vao khong gian trung gian nhiéu chiéu, ham duogc viét lai nhu sau [14]:

f (@, %) = BH(X) +b (1.37)

trong d6 @(X) Ia ham trung gian va @.¢4(X) 1a tich vo huéng trong khong gian trung gian.

Cuc tiéu hoa ham chuan hoa cua bai toan hoi quy nhu sau [14]:

Cuc tiéu hoa: || @ ||
biédu kién: Y, (@0¢(X)-b)>evsii=1+n

Sau khi gi6i thiéu cac bién long (slack) £va & thi hdi quy vécto hd tro

(SVR) duoc xay dung nhu 1a su cuc tiéu hda véi van dé téi wu hoa sau [14]:

2.1 n .
Cuc tiéu hoa: 5 || +CY & +&
i=1

biéu kién: {yl_(?'¢(ii)+b) £g+(§i: voii=1+n; &,E >0
(0h(X)+b)-y, <e+¢

Tuong tu, 4p dung phwong phéap cuc tri nhan tir Lagrange dé giai bai toan trén,

bai toan can giai tro thanh [14]:

Cuc tiéu hoa: %||a)||2 + C%Lg(y, f (.%)) @)

Onéuly— f(w,x)| <e

O day: L:(y, f (w, %)) = {b’ — f(w,x)| — € nguogc lai

(b)
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Trong phuong trinh (a), s6 hang thr nhat do d6 phang caa mé hinh, sé hang
thir hai dic trung cho sai s6 thuc nghiém duoc do bang mot ham ton that L. khong
nhay cam duoc xac dinh trong phuong trinh (b). C goi la tham sé I& mém, tao ra su
can bang gitra sai s6 luyén hoic sai sé thuc nghiém va dé phang ciia md hinh.

Nam 1992, Vapnik va cong su [35] tiép tuc dé xuat cach xay dung md hinh
hoi quy bang cach ap dung meo hat nhan (kernel trick). Giai thuat cho phép cac tich
vo hudng vécto dugc thay thé biang mot ham hat nhan phi  tuyén
K(X.,X;) =#(X)#(X;) cho phép giai thuat toan phi hop véi cuc dai hod 1€ mat siéu
phang trong khdng gian chuyén doi va két qua cho thay rang giai thuat hoat dong
tét. Mot s6 ham hat nhan pho bién bao gém [35], [36]:

Pa thirc (dong nhat): K (X, X,) = (XX, )d ;

Pa thirc (khong dong nhat): K(X,X;) = (7X.X; + r)d 7 >0;

Ham co s6 radian Gaussian: K(X,X,) =exp{-y || X.X, +r |}, 7 >0;

Tiép tuyén hyperbol: K(X;,X,) = tanh{xX X, +¢}, ¥ >0,¢<0;

Trong d6 7, 1, d, xva c la cac tham s6 hat nhan.

Hiéu qua caa SVR phu thudc vao su lya chon ham hat nhan, cac tham sé hat
nhan va tham sé 18 mém C. Thong thudng, mdi sy két hop lya chon tham sb dwoc
kiém tra bang cach danh gia chéo va céc tham s6 co do chinh xac chéo xéc thuc tot
nhét duoc chon [14]. Ngoai ra, cong viéc gan day trong t6i wu hoa Bayes co thé dugc
sir dung dé chon C va 7, thuong yéu cau danh gia két hop tham s6 it hon so véi tim
kiém lugi. M6 hinh cubi cing duoc st dung dé kiém tra va phan loai dir liéu mai, sau
d6 duoc luyén trén toan bo tap luyén bang cach str dung céc tham sé da chon.
1.2.3.6. Giai thuit di truyén

C6 hai budc thuc hién tap dit liéu cua n tham sé md ta dugc chon tir m bién sé
(m > n). Phuong phép tryc tiép la tim kiém mot tap cac bién bang ky thuat hoi quy
tirng budc. Cac giai doan cua giai thuat dwa vao khong gian tham sé mé ta va trude
hét giai thuat s& chon tham s dau tién tot nhat, tiép theo hai tham s tét nhat di bao
gom tham s6 thir nhat va qua trinh tim kiém ctr xay ra nhu vay. Cach giai quyét nay
khong c6 sy dam bao ndo cho thdy md hinh khop tt nhét véi sb lidu hodc tap cac
tham sé md ta tot nhat. Nguy@n nhan 14 tap cac tham sé md ta phu thudc 1an nhau vi

c6 twong quan ndi. CO thé cd cac tap khéac cua n bién ma tinh thdng ké bang hoic tét
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hon. K§ thuat 4p dung giai thuat di truyén (GA) 1am giam bét di mire 6 phu thudc
I3n nhau cua cac ham sé mé ta phan tir [10], [60].

K thuat GA vé nguyén tic tim kiém nhom cac tham sé md ta tét nhat hoac
thich hop nhat bang céch téi wu hoa hé sé twong quan (r) va sir dung ham tdi vu hoa
Friedman Fitness [10], [60].

Giai thuat di truyén 1a mot ky thuat caa khoa hoc may tinh nham tim kiém giai
phap thich hop cho cac bai toan tdi wu t6 hop. Giai thuat di truyén xuat phat tir giai
thuat tién hoa van dung cac nguyén Iy cua tién hoa nhu di truyén, dot bién, chon loc
tu nhién, va trao doi chéo trong sinh hoc. Trong qué trinh xay dung mé hinh, GA st
dung su dot bién ngau nhién va tai 1ap di truyén hay con goi la tién trinh lai chéo.

GA hoat dong theo mot vong don bao gdm céc budce sau [10], [60]:

—  Tién trinh giai ma;

—  Xac dinh ham thich nghi;

—  Xay dung quan thé “nhiém sic thé”;

—  Di truyén diéu khién véi “nhiém sic thé”.

1.2.4. Panh gia moé hinh QSPR
1.2.4.1. Chi s6 théng ké danh gia md hinh

Céc chi s thong ke 1a cac tiéu chi danh gia hiéu suat cia mo hinh. Cac hudng
dan c6 san tir OECD c6 thé do luong mic d6 phd hop va dy doan ctia md hinh
[100]. Céc chi sé pho bién nhat bao gom hé sé xac dinh (R?), phuong sai (RMSE,
SD), Su twong duong dir liéu (p-value, t-value hay t-test), dy doan (Q?), AD (hi) va
phat hién quan sat ngoai bién, mdi loai c6 thé dugc xac dinh béi mot loat cac tham
s6 [10], [33] dugc mo ta cu thé nhu sau:
< Cac chi so sai léch gitra dir liéu dw doan va thuc nghiém

Trung binh binh phuong sai s6 (MSE) hay trung binh binh phuong d6 léch
(RMS, MSD):

1 N 2
MSE = RMS = MSD = Sy =V 1.38
N —k—lzl:l(yl yl) ( )

Sai s6 chuan (SE) hay cin trung binh binh phuong sai s6 (RMSE):

SE = RMSE = (1.39)
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Téng binh phuong do léch (RSS, SSe): RSS =85, =Y" (v, —9,)  (140)
Téng binh phuong du dy dodn (PRESS):  PRESS =>™" (y, =9, (1.41)

< Céc chi sb twong quan giira dir liéu du doan va thuc nghiém

Hé sb twong quan (Pearsonr): I = > (1.42)

N A _ N A
Ha s x4c dinh: Rt = 25~ y)2 1 2l )2 (1.43)

N _ N —

Zl:l(yl _y) Zizl(yl —Y)
R? higu chinh: RZ, =1-— 1 _(1-R?) (1.44)
' TN k-1
m n 2

Danh gia ngoai: Qlocy =1— Zi:l(yi — )2 (1.45)

Zinll(yi - 7)

»  Céc chi s6 do tAm quan trong ciia md ta trong md hinh phat trién

D)

Kiém dinh Fisher (F, P): kiém tra y nghia cta cac bién doc lap trén bién phu

thuoc. Néu F cao hon, phuong trinh ¢6 ¥ nghia thong ke.

o all A (1.46)
Zi’il(yi _yi) /(N -k-1)

t-value: kiém tra ¥ nghia ctia mot bién doc 1ap riéng 1é vai bién phu thuoc. Gia

tri cang cao thi bién cang quan trong.

j J \/ZiN:l(xi —Y)Z :\/Z:il(xi —X)Z

M6 hinh PLSR, sir dung c4c chi s6 nhu Q%cum, R%vcum, R%cum Va VIP [60].

b.
tvalue=—-vas - S VRMS (1.47)
s, |

Chi s6 Q2um do luong su dong gop toan cuc cua cac thanh phan dau tién h vao
chat lwvong du doan cua mé hinh. Viéc tim kiém gia tri ti da cua chi s6 Q%um tuong

duong véi viéc tim kiém mé hinh 6n dinh nhat. Chi s6 Q2um) dugc viét [155]:

PRESS,

k
2
chm(h) =1- H—
T 25SEgiy

(1.48)

- [EDM-

=
Il
LN

23



Chi s6 R2veum 12 tdng cac hé sé xac dinh gitra cac bién phu thudc va cac thanh
phan dau tién h. Do d¢, 1a thude do kha ning giai thich cua cac thanh phan dau tién
cho céc bién phu thuoc cia md hinh [155].

Chi s6 R%xcum 12 tong cac hé sé xac dinh giira cac bién giai thich va céac thanh
phan dau tién h. Do d¢, 1a thudc do kha ning giai thich cua cac thanh phan dau tién
cho cac bién giai thich caa md hinh [155].

VIP do tdm quan trong ciia mot bién giai thich cho viéc xay dung cac thanh
phan t. Trén cac biéu do VIP, mot duong vién duoc vé dé xac dinh cac VIP 16n hon
0,8 trd 1én: cac ngudng nay dugce dé xuat boi Wold (1995) va Ericksson (2001) cho
phép xac dinh cac bién sb vira phai ( 0,8 < VIP < 1) hoic ¢6 anh huong Ion (VIP >
1). VIP cho bién giai thich thir j va thanh phan h duoc xac dinh bai cong thic [155]:

Kk
VIR, = [—FP—— > 'Rd(Y,t )W (1.49)
D oRA(Y, ) =
i=1
Trong do, Rd(Y,ti)) dugc dinh nghia la gia tri trung binh cta binh phuong cua

c4c hé sb tuong quan giira cac bién va thanh phan:
1&
Rd(Y,ti)=EZR (x;.¢) (1.50)
j=1

Ghi cha: N 1a sé quan sét tap luyén; n 1a s6 quan sat tap kiém tra; k 1a s6 bién
doc lap trong md hinh; y,, ¥,,V, la gia tri do, du doan va trung binh cta bién phu
thudc; § la gi4 tri trung binh du doan cua tap kiém tra; X, X la cac gia tri do duoc
va trung binh cua mét bién doc 1ap; s, 1a 1a do léch chuan cua hé s6 hdi quy wéc
tinh bj; hi 1a don bay canh bao cb dinh & mirc 3(p + 1)/N.

Déi véi cac ngudng, R? va Q2 duoc khuyén céo 16n hon 0,6 [34]. Mot nghién
ctru khéc cho rang mé hinh c6 thé duoc coi la chap nhan dwoc néu dap tng cac diéu
kién: R2> 0,6; Q2 > 0,5 [150]. Trong mét sé truong hop, R? hiéu chinh (R2agj) ¢6 thé
duoc st dung 1am tang s luong bién ludn din dén tang R? [100].
1.2.4.2. Mién wng dung va quan sat ngoai bién

Mién &ng dung (AD) caa md hinh QSAR/QSPR la khong gian bao gom céac
théng s6 mo ta nhu hoa ly, cau tric... chira c4c thong tin can thiét ma tap luyén cua

mo hinh d3 duoc phat trién va ap dung dé dua ra du doan cho cic hop chat méi.
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Muc dich ctaa AD la néu rd cac gia dinh ctia mé hinh c6 duoc dap ing hay khdng va
md hinh nao c6 thé duoc ap dung mot cach dang tin cay, dong thoi tranh nhitng du
doan khong chinh xéc cho cac hop chat bén ngoai mién [33].

Bén phuong phéap thuong duoc sir dung dé xac dinh AD, véi phuong phéap dua
trén phan bé mat do duoc coi 1a phic tap nhat. Cac hop chat c6 hoat tinh, tinh chat
khéng mong muén nam ngoai AD trong md hinh QSPR duogc xem la c4c quan sét
ngoai bién. Pon bay “h” 1a thude do khoang cach cua hop chit tir trong tam cua tap
luyén. Néu diém dix liéu 16n hon don bay canh bdo h*, thi duoc xem 14 quan sat
ngoai bién. Khoang cach Cook va SDR 14 hai dai lwong thong ké dé phat hién cac
quan sat ngoai bién va diém anh huong. Khoang cach Cook do luong tong du sé
thay doi néu mot hop chat duoc loai trir khoi tap hiéu chuan. Trong mot nghién ctu
co lién quan, cac nguong hoat dong D; > 1 va |[SDR; | > 2,5 da duoc st dung. Hon
nira, phwong phap dua trén khoang cach su dung phat dd6 Williams, nhu duoc dinh
nghia bang SDR nghich dao véi don bay h, thuong dugc ap dung dé xac dinh céc
quan sat ngoai bién va cac diém anh huong [33].

SDR va phac d¢6 William hay do léch chuan du, mot thong ké dé kiém tra cac
quan st ngoai bién tiém ning. Mot quan sat voi SDRi ngoai pham vi + 2.5 hoic +

2.0 c6 thé duoc coi 1a ngoai bién.

(9, -v:)

Tap danh gid noi: SDR =12V 1.51
ap gia n¢ '~ RVSE,, (1.51)

Tap danh gia ngoai: SDR. = Bi-v1) (1.52)
' ' ' RMSE,

Pon bay (hi): do tam quan trong cua dit liéu trong viéc phat trién mot mé hinh,

0 (khdng quan trong) thanh 1 (rat ¢ anh huong).
h=2(2'2)"z (i=123,..N) (1.53)

Khoang cach Cook (Di) la kiém dinh théng ké dé kiém tra cac quan sét ngoai
bién. Mot quan st véi D > 1 c6 thé duoc coi 1a ngoai bién [33].
N / A R 2
2% -%0)

D, = (1.54)
k x MSE,

1.2.4.3. Chi s6 danh gia phian déng gop cac bién so
Viéc sir dung cac k§ thuat da bién co thé tao ra cac mé hinh QSPR khac nhau
mot cach hiéu qua. Tuy nhién, viéc giai thich md hinh QSPR van 1a két qua quan
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trong nhat ctia qué trinh xay dung mé hinh QSPR. Budc dau tién trong phan tich 1a
xac dinh sy dong gop twong dbi cua tirng dai lwong md ta cAu tric vao cac gia tri
thudc tinh dugc tinh toan theo mé hinh QSPR [73], [92]. Thtr tu ting dan cia dong
gop trung binh duoc tinh theo cong thirc nhu [73]:

i k| al 100%
2 b
%= i (1.55)
n

1
m

APC

m,n,x; ?

Mot s cong trinh ciing st dung dai lwong ty 1é phan trim déng gop trung
binh, MPxx;i, 1a ty 1& phan trim cua ting bién doc lap trong cac mo hinh QSPR duoc
chon (véi i tir 1 dén k) dugc xac dinh theo cong thuc (1.56) [10]:

100.|b 100.
MPXk]i,%:iZ ‘ ki m" = Z C‘Z ‘

m=1 ijl‘bk,j' m, i m=1

Trong d6: N 1a sé phirc chat; Xm;i 1a md ta thtr i; m 1a s6 md hinh dwgc chon dé

(1.56)

total

tinh gia tri Pxxi; bxi 12 cac tham s ctia mé hinh. Su dong gbp quan trong cua cac
mo ta phan tir trong mdi phirc dugc sap xép theo tha tu dua trén cac gia tri GMPy,
la gia tri trung binh cua MPx«.
1.2.4.4. Sai s6 giira cAc md hinh du do4n

Két qua du doan cta cac md hinh QSPR dugc danh gia bang MARE (%) hay
MAPE (%) la gi4 tri trung binh tuyét d6i cua cac sai sb tuong dbi ARE (%) [10]:

Zn:ARE/o

MARE,% = MAPE, % = 2 - Z|Y. J,
n i Y

100% (1.57)

1.2.4.5. Phan tich ANOVA
Phén tich phuong sai (ANOVA) la tap hop cac md hinh théng ké va cac quy

trinh u6c luong lién quan cua chang nhu "bién" va giita cac nhoém, duoc st dung dé
phan tich sy khac biét gitra cAc nhoém trong mot mau. ANOVA duoc phét trién bai
nha sinh hoc hoc théng ké va tién hoa Ronald Fisher. Trong thiét lap ANOVA,
phuong sai quan sat duoc trong mot bién cu thé duoc phan chia thanh céc thanh
phan do cac nguon bién thién khac nhau. O dang don gian nhat, ANOVA cung cap
mét thr nghiém thong ké vé dir liéu cua mot sé nhdm co binh dang hay khong, va
do d6 téng quat hoa t-test thanh hon hai nhom. ANOVA rat hitu ich dé so sanh ba
hodc nhiéu nhom cho ¥ nghia thdng ké& [40]. Nghién ctu nay chi sir dung phuong
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phap ANOVA mot yéu t6. Phuong phap nay dugc dung trong cé4c trac nghiém dé so
sanh céc gia tri trung binh cua hai hay nhiéu mau duoc ldy tir mot tap hop céc sd
licu. Pay co6 thé xem 1a phan m¢ rong cua tric nghiém t hay z (so sanh hai gia tri
trung binh). Muyc dich cua phan tich phuong sai mot yéu té 1a danh gia sy anh
huong ciia mot yéu té (nhan tao hay ty nhién) nao dé trén cac gia tri quan sat [40].
Kiém dinh

—  Gia thuyét: Ho: 1 = p2 = ...= p— gia tri trung binh () bang nhau;
Hj: wi # pj — it nhat hai gié tri trung binh khéc nhau;

MSF

" MSE
MSF va MSE 1a trung binh binh phuong ciia cac yéu tb thi nghiém va sai sé.

— Giatrithbng ké: F (1.58)

Bién luan: Néu F < Fq (1, n-ky — chap nhan gia thuyét Ho. V&i k-1, N-k 13 bac ty

do cua yéu tb va sai sb.

1.3. TINH TOAN LUQNG TU

Trong phuong phap mé hinh héa phan tir, dé t6i wu héa cau tric nguoi ta st
dung hai phuong phap d6 1a co hoc phén t¢r (MM) va co hoc lugng tir (QM) [140].
Trong dd, co hoc lugng tir thuong sir dung phuong phap ab-initio va phuong phap
ban thuc nghiém (semi-empirical). Do d6, viéc st dung phuong phap nghién ctru phu
thudc vao cac yéu té nhu ddi tuong nghién cau, chi phi, thoi gian va d chinh xac can
thiét. CO thé dénh gia cac phuong phap toi wu hoa cau tric qua Bang 1.2 [140].

Bang 1.1. So sdanh phuwong phap OM va MM

Phwong phap QM .
Chi tié Phuwong phap
rted Phuong phap Phuong phap MM
ab-initio ban thwc nghiém
Kich c& phén tir Nho Trung binh Lon
Nguyén Iy tinh toan Nang luong Nang luong Nang luf;ng hat
electron electron nhan
Thoi gian tinh toan Nhiéu ngay Nhiéu gid Nhiéu phat
Do chinh xac Cao Trung binh Thap
A A e pia Khong can di Can di liéu thuc Khéng can di
Yé&u cau dix liéu - - S o .
liéu thuc nghiém nghiém liéu thuc nghiém
Chi phi Cao Trung binh Thap
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Nhu vay, trong nghién ctiu ndy do cau trdc phan tir co kich thude trung binh, sb
lwong phan tir nghién ciu 16n va yéu cau do chinh xéac trong nghién ciru QSPR muc

trung binh nén ching téi lya chon phuong phap MM sau d6 dén phuong phap QM.
1.3.1. Co hgc phan tir

Co hoc phan tir 1a phuong phap mé phong sir dung cic phuong trinh vat Iy ¢o
dién cho phép tinh toan cac ning luong lién két khac nhau do s co gian lién két, sy
khép mé goc lién két va sy xoan cing véi cac nang luong khong lién két khac [86].
MM xem xét cac lyc hap dan va luc day dé kiém soat céc vi tri twong dbi cua hat
nhan cia cac nguyén tir cau thanh nén cau trac [16], [58]. Thé niang cua phan tir c6

thé duoc biéu dién bang phuong trinh (1.59) don gian sau ddy [86]:

Etotal :ZES+ZEB+ZEV+ZEC+ZET (1.59)

CAc dai luogng trong phuong trinh (59) dugc md ta cu thé trong Phu luc 3.
1.3.2. Co hgc lwgng tir

1.3.2.1. Phwong trinh song Schrodinger

Erwin Schrodinger 13 ngudi tién phong nghién ctiiu vé co hoc luong tir nham di

tim biéu thirc toan hoc biéu thi méi lién quan gitra chuyén dong va niang luong cua

electron [134]. P& xuit co ban vé tinh chat séng Schrédinger caa electron c6 thé duoc
biéu dién bang phuong trinh sau [86], [134]:
2 2 2 2

P e A

(E-V)y=0 (1.60)

Vvé6i y: ham séng; m: khéi luong; h: hang sb Planck; E: tong ning luong; V: thé nang.
Nhitng nguyén tac ciia co hoc luong tir xem xét cac gia dinh dé giai quyét
phuong trinh nay nhu phép gan dung Born-Oppenheimer, phép gan dung Hartree—
Fock, ly thuyét phiém ham mat d6...[86]. Trong nghién ciru ndy, chdng toi sir dung
phuong phap ban thuc nghi¢m (semi-empirical).
1.3.2.2. Phwong phap ban thuc nghiém
Gia thiét rang phuong phap béan thuc nghiém trong héa hoc luong tir st dung
C4c Xap xi tich phan va tham sé hda nhiam giam d6 phuc tap trong viéc giai phuong
trinh séng Schrédinger. Gia thiét nay ap dung voi mot sé lugng I6n phan tir nhung
s& cho két qua tinh toan it chinh x4c hon. Tinh toan ban thuc nghiém bét dau bang

phuong phap ab-initio va sau d6 tiang tdc do tinh todn bang cach bo qua cac phan c6
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dic tinh it quan trong trong phuong trinh. Tuy nhién, dé bu dap cac sai sb gia dinh,
phuong phap nay st dung cac tham sé thuc nghiém dé hiéu chuan dit liéu ly thuyét
hoac thuc nghiém phu hop, do d6 duoc goi la ky thuat ban thuc nghiém [147].

Cac phuong phap tiép can hién dai bao gém ba nhém phwong phap CNDO,
INDO va NDDO [147]. Trong d6, hai phuong phap trong nhém phuong phap
NDDO duoc sir dung trong dé tai 12 PM3, PM7;

% Phwong phap PM3

Phuong phap PM3 [86], [141] 1a phuong phap dwa trén xdp xi tich phan
NDDO. Phuong phap PM3 st dung cung phuong thiic va phuong trinh nhu phuong
phap AM1. Su khéc biét duy nhat ¢ day la:

— PM3 suir dung hai ham Gauss cho ham tuong tac nhén-nhan (core-core),

thay vi s6 bién duoc st dung boi AM1;

—  Gia tri cac tham s6 khac nhau, sy khac biét khac nam trong qué trinh tham
s6 hoa: trong khi AM1 lay gi4 tri tham s6 tir phép do quang pho, PM3 sir
dung ching tinh toan va kiém tra thanh céc gia tri ti vu.

Phuong phap dugc Stewart phét trién vao nim 1989. Phién ban PM3 gbc bao
gom cac tham sé cho cac nguyén té nhu H, C, N, O, F, Al, Si, P, S, CL, Br va I. Tuy
nhién, viéc thuc hién PM3 bao gom phan ma rong bo sung cho cac kim loai chuyén
tiép hd tro tinh toan cho Ca, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Zr, Mo, Tc, Ru, Rh, Pd,
Hf, Ta, W, Re, Os, Ir, Pt va Gd. Véi nhiéu nguyén té khéc, chu yéu 1a kim loai, duoc
tham sé hoa trong nhiing phurong phéap tiép theo. M6 hinh tinh toan PM3 cua cac phiic
ho lanthan dugc goi 1a PM3/sparkle ciing duoc gidi thi¢u. Nhu vay, phuong phap PM3
thyuc chat 1a AM1 véi tat ca cac tham s duoc Stewart t6i uu day du.

s Phwong phap PM7

Trong nd luc mé rong pham vi tng dung tir PM6, phuong phap PM7 duoc
Stewart phét trién vao nim 2012 [86], [142]. PM7 tham s6 héa bang céach st dung dit
liéu thuc nghiém tham chiéu va dit liéu tir phwong phap ab-initio cap cao. Cac dit liéu
tham chiéu méi duge ting cudng nham xac dinh t6t hon tham sé cau tric khdng gian.
Két qua phuong phap PM7 duoc kiém dinh bang cach mé hinh héa céc cau tric tinh
thé rdi tinh todn va so sanh nhiét tao thanh cua cht ran vai cac gia tri thuc nghiém.

Muc tiéu cia phwong phap PM7 1a diéu tra nguyén nhan va khic phuc cia mot
s6 15i trong PM6 va nang cao kha ning ung dung phuong phap NDDO vao céac

29



phan tt sinh hoa 16n va cai thién cho chat ran tinh thé. Do tam quan trong ciu tric
chat rin ciing nhu nhu cau st dung ngay cang ting cua cac phuong phap nay khi mo
hinh hoa hé sinh héa, PM7 quan tdm nhiéu hon dén nhiét tao thanh va hinh hoc
phan tir ma it cha trong dén hién tuong electron nhu moment ludng cuc va ning
luong ion hoa.

Trong PM7, tinh toan ning lugng hoat hoa duoc phét trién va co hai thay doi
thuc hién cho cac tap xap xi, do 1a:

—  Stra d6i duoc thuc hién dé cai tién md ta twong tac khong cong hoa tri;

— Hai 15i nhé NDDO duoc sira chira, nguon goc céc 15i trong phuong phap
NDDO duoc kiém tra va tim thay 13 do c4c dit liéu tham chiéu khong day
da va khéng chinh xac. Két luan nay cung cap cai nhin sau sic vé cach
thirc cac phuong phap nay co thé duogc cai thién.

Léi phat hién trong PM6

L3i tha nhat 12 sy giam hoic mét twong tac day giita CAc cap nguyén ti, quan
trong nhat 1a Na-Na, Br — chang di dwoc phét hién trong qua trinh phat trién
phuong phap. N, Br—O,Br-Br,S-N,S-S,S-0,S-CIl,I-N,I-Oval-1.

Mot loai 18i khac trong PM6 dugc phat hién chi sau khi sir dung PM6 dé mo
hinh hda cau tric tinh thé. Loai 15i ndy anh huéng khong dang ké Ién cac ddi tuong
roi rac nhu nguyén tir, phan tir va ion, polyme va tham chi trén hé I6p nhung gay ra
15i rat 1on khi &p dung cho chat rin. Viéc kiém tra lai cac phép tinh xap xi cho phép
xac dinh ngudn gbc cua 16i va stra chita cho PM6. Sy hiéu chinh nay chi duoc thuc
hién khi PM6 sir dung trong mé hinh héa céc chat ran tinh thé.

Mot 18i k§ thuat phat trién lap trinh dugc xac dinh trong qué trinh phét trién
PM6. Ldi nay ciing dd xuit hién trong cac phuong phap trude dé6 nhung anh huéng
rd rang trong PM6.

CAc sira déi bo sung déi véi NDDO

Sy tham sb hoa trong cac phuong phap NDDO trude d6 nham tao ra céc tinh
chat ciia phan tir va cac rang buoc khéac nhau 4p dung dé dam bao tinh chat phd hop
thuc té. Chang han nhu sy hi tu ning luong twong tac hat nhan-hat nhan tiém can
dén gia tri chinh xac khi khoang cach céc nguyén tir ting 1én. Cac rang budc nay
phu hgp cho cac phén ti roi rac (nguyén tu, phan tir, ion...) nhung khi ap dung cho
cac hé tinh thé, cac xap xi NDDO nay 1a khong du, do d6 can bd sung céc rang
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budc. Trong cac phuong phap NDDO théng thuong, tdc do hoi tu dén gia tri chinh
Xac cua cac twong tac hat nhan-hat nhan khac nhau khi khoang cach gitra cac
nguyén tr ting phu thudc vao ban chat cac nguyén tir ¢ lién quan. Sy khac biét nay
rd rang s& rat nho (su khac biét & mic 10 A s& khong dang ké vé mat hoa hoc),
nhung trong cic chit rin sy khac biét nho nhu vay tré nén réat 16n. Trong trudng
hop chat ran, 15i do cac twong tac hat nhan-hat nhan khac nhau sé& rat Ién. Do dé, c6
mot su thay d6i nho thuc hién ddi voi NDDO cho chat ran dé tranh sai s6t nay va
cho phép céc phan tuong tac electron-electron, electron-hat nhan va hat nhan-hat
nhan hoi tu dén gié tri chinh xac khi khoang céch 16n hon 5 A. Péi voi tuong tac
tinh dién, khong c6 sy khac biét gitra c4c phan tir roi rac va chat rin, do dé trong
PM?7, dang tuong tac tinh dién dwoc sir dung chung cho ca hai d6i twong nay. Dé
giam thiéu anh huéng cua su thay doi nay ddi véi cac phan tir roi rac, khoang céch
dé tinh todn hoi tu tang 1én 7,0 A - vuot khoang cach lién két cong hda tri. Nhung
dbi vai chat ran, bat ky sy thay doi nao cho du gia tri nho ciing s& anh hudng dang
ké d6i vai céac tinh chat trang thai ran, nhu vay dé giam thiéu anh huéng can ting
téc d6 chuyén doi toi diém gia tri chinh xac.

— Rang budc vé gia tri cua twong tac nhan-nhan;

— Rang budc vé gia tri cua tich phan luc electron-electron;

—  Khic phuc ning luong cua cac electron voé p trong kim loai chuyén tiép;

—  Bo sung su phan tan va lién két hydro;

—  Giam sb tham sd hoa;

—  Stra d6i dé cho phép mo mot phan vo UHF.
Két qua PM7

Viéc sir dung cac phuong phap ban thyc nghiém nhu mot cong cu thiét thyc dé
md hinh hoa cac hé hoéa hoc da duoc ma rong pham vi rong cho nhiéu dbi twong can
nghién ctu. Sy ting dang ké do chinh xac trong PM7 dat dugc sau khi thay doi
tuong d6i nho cac Xap xi va cac ham dir liéu tham chiéu dic trung cho cac tuong tac
khong cong hda tri. Két qua AUE cua nhiét tao thanh cac chat rin hiru co duoc tinh
toan bang PM7 giam hon 50% so véi tinh todn PM6. Bong thoi, céc 13i trong cau
trdc hinh hoc PM7 d3 giam hon mot phan ba so véi PM6. Niang lugng hoat hoa doi
véi cac phan tmg don gian xdc tac enzym nho hon mét phan ba so véi PM6.

Viéc kiém tra nguyén nhén céc sai sot lam ting do chinh xac chu yéu bing

cach cai thién céc tap dir liéu tham khao va tap luyén. Hién nay, do dir liéu tham
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chiéu con thiéu nghiém trong, dan dén phan I6n cac tham sé khong gian khdng xac
dinh khién cho phuong phap bi han ché pham vi ung dung. Bén canh d6, c6 bang
chang cho rang nhiéu di liéu tham chiéu hién tai ciing c6 d6 chinh xac dang ngd,
do d6 mot phan dang ké 13i trong phuong phap ciing xuat phat tir Iy do nay. Mat
khac, t6i wu hoa tham sb khong day du 1a mot trong hai ngudn 13i trong cac phuong
phap ban thyc nghiém. PM7 loai bé nguén 18i nay dang ké, do dé trd nén tin cay va
khdng bién dbi khi téi vu hoa ciu trdc phan tir trong md hinh hoé cua hoéa hoc tinh
toan thong thuong.

Nguon 15i duy nhét con lai nam trong ly thuyét hoac tap xap xi s dung, hién
nay tap xap xi caa PM7 ching minh kha ning wng dung manh mé cho nhiéu loai hé
dugc md hinh hoa véi it ngoai 1¢. Cac thay doi trong twong lai dé nang cap PM7 tap
trung vao stra 15i cac xap xi hién tai, chir khong tap trung vao céac tinh ning mdi
hoan toan. Vi vay, trong nhiing nim gan day, mot s6 phuwong phap tiép can khac dé
mo hinh hoa céac twong tac giita c4c phan tir di dwgc dé xuat. Su gan dung cu thé
cho céac twong tac giita cac phan ta sir dung trong PM7 13 mot trong s6 mot sé6 mo
hinh canh tranh, va trong tuwong lai chac chin ciing s& duoc thay thé bang mot mo

hinh tét hon.
1.4. NGHIEN CUU THUC NGHIEM TONG HQP
1.4.1. Phwong phap tich chat

1.4.1.1. Sic ky ban méng

Sac ky ban mong (TLC) 1a k¥ thuat phan bd ran-long, trong d6 pha dong 1a
chat 16ng dugc cho di ngang qua mot chat hip phu tro nhu silicagen hodc oxit
nhém. Chét hip phu nay dugc trang thanh mot 16p moéng, déu, phu 1én mot nén
phang nhu tim kinh, tim nhom hozc tim nhya. Do chat hap phu dugc trang thanh
16p méng nén phuong phap nay dugc goi 1a sic ky ban mong [6].

Khi thuc hién sic ky, ngudi ta cho mau phan tich hoa tan vao trong mot dung
moi dé bay hoi, ding vi quan dé chim mot it dung dich mAu, chdm 1 vét nhé gon
1én 16p mong. Sdy nhe dé dudi phan dung moi hoa tan mau, nhu vy mau chi con 1a
dang bot kho bam trén 16p mong. Pat 16p moéng theo chiéu thing dung vao trong
mot binh ¢6 dung mdi thich hop, dung méi s€ bi lyc mao quan hut 1én phia trén,

mAau chat s& dugc phan chia thanh nhiing vét riéng biét. Cac vét s& dugc phat hién
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bang phuong phap vat 1y nhu nhin bang mat, soi dudi dén tir ngoai... hoic bang
phuong phap hoa hoc nhu phun 1én ban mong cac loai dung méi hay thude thur...
Mot chat tinh khiét chi cho mot vét tron, c¢6 gid tri R khong doi trong mot hé dung

moi xac dinh. Tri s6 Rf duoc tinh nhu sau:

(1.61)
trong d6 X 1 khoang céch tir vi tri diém cham dén trung tam vét; y 1a chiéu dai trién
khai ctia ban mdng.
1.4.1.2. Séc ky cft

Trong sic ky cot [6], chat hdp phu hay chat lam nén cho pha c¢6 dinh duoc
nhdi trong mot 6ng hinh try dugc goi la ct. Tuy theo tinh chat ctia chat duoc st
dung l1am c6t ma qua trinh tach trong cot s& xdy ra chu yéu theo co ché hap phu (cot
hap phu), co ché phan b (cot phan bd) hay co ché trao d6i ion (cot trao doi ion).
Trong phan nay chi trinh bay sic ky cot hap phu.

Sac ky hap phu duoc thyc hién trén cot voi chat hap phu dong vai tro pha tinh,
dung méi rira cot dong vai trd pha dong chay qua chat hap phu. Ddi véi cac chat
riéng biét trong hdn hop, tiiy theo kha ning hap phu va kha ning hoa tan cua dbi
v6i dung méi rira cot dé dugce 14y ra 1an luot trude hodc sau. Chat hdp phu trong séic
ky cot thuong ding 13 oxit nhom hoic silicagen. K thuat nhdi cot va trién khai sic
ky bao g@)m cic budc co ban nhu: chuéan bj cot, nhoi cdt, dua chat phan tich vao cdt,
theo ddi qua trinh giai ly c0t va rura cot.
1.4.1.3. Phwong phap co quay

Phuong phap c¢6 quay [6] thuong két hop voi ky thuat hat chan khong 1a
phuong phap duge str dung phd bién nhét trong linh vuc téng hop hitu co do sy higu
qua, nhanh va nhe nhang trong tach chat 16ng. Qua trinh c6 quay tao ra sy trao doi
nhiét hiéu qua dé bdc hoi nhanh va ngin ngira sy ng 1én cuc b trude khi hdn hop
dugce tron déu voi muc dich loai bé dung méi bang phuong phap bay hoi.

K§ thuat bay hoi chan khong c6 ¥ nghia trong thuc tién bdi vi trong mot hé
kin, 4p suat giam lam giam nhiét d6 s6i ciia cic thanh phan trong d6. Cac thanh
phan trong miu dung dich dugc c6 quay bay hoi dé loai bé dung méi mong mudn tir
mau dich chiét, dugc tmg dung trong qué trinh tach chiét mot hop chét ty nhién hay

don gian chi trong mét budc cia tong hop hop chat hiru co. Dung méi hoa tan c6
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thé dugc loai boé mét cach dé dang ¢ nhiét do thép do su giam ap suat cia hé théng
két hop sy rat khi. Phuong phap nay duoc tng dung dé tach dung méi c6 nhiét do
s0i thap nhu n-hexan, ethyl acetat... Tuy nhién, khi ing dung phuong phap niy can
cht ¥ cac hop chit trong mau c6 cing nhiét dd bay hoi ciing s& bi loai bo, vi vy
can cha ¥ chon dung méi c6 nhiét d6 soi phi hop va giam ap suat vira phai. Doi véi
cac dung moi c6 nhiét dd sbi cao nhu nude (100 °C,1 atm), DMF (153 °C,1 atm),
DMSO (189 °C, 1 atm) ciing c6 thé bay hoi néu hé¢ thong chan khong c6 thé giam
ap suét du thip. DMF va DMSO c6 thé s6i dudi 50°C néu 4p suit giam xudng tir 1
atm xuéng 6,6 matm. Phuong phap c6 quay chan khong cé thé loai bé hau hét cac
dung moi c6 nhiét do soi thip ngoai trir cdc dung mdi ¢ nhiét do sdi cao nhu cac
dung méi c¢6 chira lién két hydro nhu nudc thuong duge xem 1a dung moi cudi cliing
con lai trong dich chiét.
1.4.2. Phwong phap xac dinh cu tric
1.4.2.1. Pho hap thu hong ngoai

Nhiéu hop chit hitu co hap thu buc xa trong vung kha kién, ving t ngoai
(UV) va viing hdng ngoai (IR). Tuy nhién, bic xa hdng ngoai khéng du ning luong
hiéu qua dé gay nén kich thich electron, nhung 1a nguyén nhan lam cho nhiing
nguyén tir, nhém nguyén tir trong nhitng hop chét hitu co véi lién két cong hoa tri
dao dong nhanh hon, nhitng dao dong nay xuat hién va dinh tinh duoc [157]. Pong
thoi, nhitng hop chét hap thu nang luong IR trong nhiing viing riéng biét cia pho.
Viéc do pho IR twong ty nhu phé UV-Vis. Mot chim tia btic xa IR chiéu ngang qua
mau va so sanh hang sé véi mot chim tia tham chiéu khdng c6 mau. Biéu d6 phod
mo ta quan hé gitra sy hap thu va tan sb hodc chiéu dai séng [157]. Vi tri cua mot
dai hap thu IR (miii) twong Gng véi s séng caa [157]:

7=(em?) =220 (um ) (L64)

Dic trung dao dong cua lién két cong hoa tri 1a nhitng dao dong dan hoi nhe
va ching chi xay ra & cac tan sé xac dinh, do d6 nhitng nguyén tir lién két cong hoa
tri c6 muc ning lugng dao dong riéng biét. Khi hop chat hap thu buc xa IR véi muac
nang luong riéng biét sé& kich thich cac lién két trong phan tir dao dong, c6 nghia la

d6 dai song riéng biét hoic tan sé (AE = hv) [157].
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Tan s6 cia mot dao dong gidn va vi tri cua trong phd IR lién quan dén hai yéu t6
la khdi lwong va bac lién két. Cac nguyén tir nhe s& dao dong ¢ tan sé cao hon so véi
mét nguyén tir nang hon va lién két ba thi cimg hon nén dao dong & tan s cao hon
nhiing lién két d6i va lién lién két doi thi cirmg hon lién két don. Luu y rang tan sé dao
dong ctua nhém lién quan dén hydro (nguyén tir nhe) nhu C-H, N-H, O-H ludn lubn
Xuat hién ¢ tan s cao [157]. Cuong d6 ma mot lign két hip thu buc xa phu thudc vao
momen ludng cuc caa lién két. Do do, trinh ty vé cudng d6 hap thy cua lién két C-X 1a:
C-O>C-Cl > C-N > C-C-OH > C-C-H. Tuong tu: OH > NH > CH [54].

Trinh ty cia cuong do mili hap thy la [157]: C=C-C=0 > C=C-C=C > C=C-C-
: O-H > N-H > C-H >-nitrin>C=C >C=0>C=C>C-0>C-C>C-F>C-Cl

Bang 1.2. Tdn sé dao déng ciia mét vai nhom cheze trong phé FT-IR

Nhom lién két | Pham vi tan s6, cm™® | Nhom lién két | Pham vi tan s6, cm™
C-H 2853-2962 —C=N 2220-2260
O-H 3590-3650 —-C=C- 2100-2260
N-H 3300-3500 Cc=C 1620-1680
C=0 1630-1780

Do phé IR ¢6 qué nhiéu miii, kha ning ma hai hop chat s& ¢6 pho giong nhau
1a khong dang ké. Do d6, véi nhitng hop chat hitu co, néu hai mau chira hai chat
tinh khiét khac nhau s& dua ra pho IR khac nhau.
1.4.2.2. Pho tan xa ning lwong tia X

Pho tan xa nang luong tia X (EDX) con duoc goi 1a phan tich tan xa nang
luong tia X (EDXA) 1a mot k¥ thuat phan tich duoc st dung dé phan tich nguyén tb
hodc tinh chét hoa hoc ctia mau. dua trén viée ghi lai phé do sy tuong tac cia mdt
s6 nguon kich thich tia X véi mot mau. Kha niang dic trung cia phan 16n 1a nguyén
tic co ban ma mdi phan tir c6 cu trac nguyén tir duy nhat cho phép mot tap hop cac
dinh trén phé phat xa dién tr [72]. Dé kich thich su phat xa tia X ddc trung tor mot
mau vat, mot chum nang lugng cao cua cac hat tich dién nhu electron hoac proton
hozc chum tia X duoc chiéu tip trung vao mau. Phan con lai, mot nguyén tir trong
mau chua cac electron ¢ trang thai co ban & mirc ning luong rdi rac. Tia sang tdi co
thé kich thich mét electron trong mot 16p vo bén trong, ddy ra khoi vo trong khi tao
ra mot 16 tréng noi electron da roi di. Mot electron tir vo ngoai ¢ ning luong cao
hon sau d6 1ap day 15, va su khac biét vé ning lugng gitra mirc ning luong cao hon
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va mirc ning luong thap hon c6 thé duoc giai phong dudi dang tia X. S6 luong va
ning luong cua cac tia X phat ra tir mau vét c6 thé duoc do bang may phd tan xa
nang lugng. EDX cho phép xac dinh thanh phan nguyén té cia mau thir [72].

K¥ thuat EDX chu yéu dugc thuc hién trong cac kinh hién vi dién tir, & d6 anh
vi cAu tric vat rin duoc ghi lai thong qua viéc st dung chum electron c6 nang lugng
cao tuong tac voi vat ran. Khi chum electron cé nang luong 16n duoc chiéu vao vat
ran, s& dAm xuyén sdu vao nguyén tir vat rin va tuong tac véi cac 16p electron bén
trong ctia nguyén tir. Tuong tac nay din dén viée tao ra cac tia X co bude song dic

trung ti 1& v6i nguyén tir s6 (Z) ctia nguyén tir theo dinh luat Mosley [72]:

f oy o MO (§j(z 1) =(2,48x10"Hz)(Z -1)’ (1.65)
8h’ e\ 4

C6 nghia 1a tan sb tia X phat ra 1a dic trung v6i nguyén tir ciia mdi chat co mat
trong chit ran. Viéc ghi nhan pho tia X phét ra tir vat rin s& cho thong tin vé cic
nguyén t hoa hoc c¢6 mit trong mau dong thoi cho cic thong tin vé ti phan cac
nguyén t6 nay [72]. Po chinh xac ciia EDX ¢ cip d6 mot vai phan trim. Thong
thudng ghi nhan duoc su c6 mit ciia cac nguyén td ¢ ti phan cd 3-5% trd 1én [72].
1.4.2.3. Pho khdi lwgng

Ph6 khéi lugng (HR-MS) 1a mot k¥ thuat dung dé do ty 18 khéi luong trén dién
tich (m/z) ctia ion. Tthiét bi dung dé do duoc goi 1a khdi pho ké, 1a mot thiét bi cho
ra pho khéi lugng ctia mot miu dé tim ra thanh phan ctia . C6 thé ion héa mau va tach
cac ion ctia voi cac khoi luong khac nhau va luu lai thong tin dya vao viéc do dac
cuong do dong ion. Khdi phd ké hoat dong dua trén biéu thirc Lorentz Force [75]:

F=qgE+qv.B (1.66)
trong do, F 1a luc (N); q la dién tich cua hat (C), q = ze; E 1a dién truong (V/m); B
1a tir truong (Wh/m? hay T (tesla)); v 1a van tdc tirc thoi caa hat (m/s).

Trong phd khéi lwong, phan tir hitu co dugce bin pha bing mot dong electron
c6 nang luong cao lam cho céac phan tir bi ion héa va phan manh. tach ra mot nhom
ion dua trén ty s m/z clia cac ion va ghi nhan sé luong lién quan ctia mdi phan
manh ion. Phd khéi lugng thudng dugc in ra dudi dang biéu dd khdi hoic dang
bang, & d6 hau hét cic miii duoc quan tdm goi 1a miii co ban co cudng d6 100%.
Cuong do cua tit ca cac mii khac dua ra cac gia tri ty 18, nhu 13 phan trim cua miii
co ban [75].
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Phuong phép ph6 khdi thuong sir dung cac phuong phéap ion hoa khac nhau
nhu ion hoa hoa hoc (CI), ion ho4 phun bui electron (ESI), ban pha nguyén tir nhanh
(FAB), truong giai hap (FD), truong ion héa (FI).... [75] Trong sb cac phuong phap
trén, phuong phap ESI duoc sir dung dé nghién ctru cac phirc chat ciia kim loai. Uu
diém cua phuong phap nay la ning luong ion hod thap do d6 khong phéa vd hét cac
lién két phdi tri gitra kim loai va phdi tir. Dya vao phd khdi luong cé thé thu duoc
cac thong tin khac nhau nhu khéi lugng phan tir chat nghién ciru, cic manh ion
phan tt, ti 16 cac miii dong vi. Tir cac thong tin nay c6 thé xac dinh duoc cong thire
phan tir ciia phtic chat va cdu tao ciia phtrc chat dua vao viéc gia thiét so d6 phan
manh [75].
1.4.2.4. Pho cong huéng tir hat nhén

Phé cong huong tir hat nhan (NMR) 12 mét phwong phap phé hién dai va hiru
hiéu nhat hién nay dé xac dinh cau tric ho& hoc cua cac hop chat hitu co. Ning
lwong can thiét cho NMR trong pham vi tan sé radio cia phd dién tir va thip hon
nhiéu so véi nang lugng can thiét trong cac phuong phap pho hoc khéc [146].

K3 thuat phd NMR mot chiéu va hai chiéu, c6 thé xac dinh chinh xac ciu trdc
cua hop chat, ké ca ciu trdc 1ap thé caa phan ti. Nguyén ly chung cia cac phuong
phap pho NMR (*H, 13C) la sy cong huong khac nhau cia cac hat nhan H va 1C
dudi tac dung cua tir truong ngodi. Sy cong hudng khac nhau nay duoc biéu dién
bang d6 doi hod hoc. Ngoai ra, dic trung cua phan tir con duge xac dinh dua vao
tuong tac spin-spin gitra cac hat nhan vaéi nhau [146].

Su quan trong nhat Ia nhiing vi tri caa céc tin hiéu doc theo truc ngang cua
thang do trong NMR goi 1a d6 doi hda hoc. P9 doi hda hoc dugc st dung dé xéac
dinh cu tric caa nhitng hop chat. Sir dung d6 doi hda hoc 1a hitu hiéu nhat cua tat
ca thdng tin hién hitu trong mot phd NMR [146]. Pon vi 6 doi hda hoc thuong

chuyén d6i tan s6 thanh gia tri & (ppm) duogc xac dinh theo cong thic sau [146]:

Tan sb cua tin hiéu (Hz, tir TMS)

X A . 2 (1'67)
Tén s6 cua may ph6 (MHz)

d (ppm) =

Do tan s6 cua may phé dugc dua ra trong gia tri ppm, gia tri 8 c6 don vi
ppm. Trén cac thang do do doi héa hoc cia mot may phd NMR, vi tri hap thu cua

TMS thi ¢ bén phai va c6 gia tri 0. C4c gia tri o gia tang 1én bén trai miii TMS.
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Phé 'H-NMR: trong phd *H-NMR, d6 doi hod hoc (8) cua cac proton dugc Xac
dinh trong thang tir 0 ppm dén 14 ppm tuy thudc vao mirc do lai hoa caa nguyén tu
cling nhu dic trung riéng cua tung phan ti. Moi loai proton cong huéng & mot
truong khéac nhau va vi vay chung dugc biéu dién bang mot d6 dich chuyén hoé hoc
khéac nhau. Dua vao nhirng dac trung cua d6 doi hod hoc ciing nhu twong tac ghép
d6i ma ngudi ta ¢d thé xac dinh duoc cau tric hod hoc caa hop chat [146].

Phé 3C-NMR: phd nay cho tin hiéu vach phé cua cacbon. M&i nguyén ti
cacbon s& cong huang & mot truong khac nhau va cho mot tin hiéu phd khac nhau.
Thang do cho pho 13C-NMR ciing duoc tinh bang ppm va véi dai thang do rong hon
S0 V&i pho proton (tir 0 ppm dén 240 ppm) [146].

Mot s6 ki thuat da dugc phat trién dé cung cap thong tin quan trong trong phé
NMR-FT hién dai la kiém tra cac ptoton lién két, DEPT, HMQC va HMBC.
< Phé mét chiéu CPD va DEPT

Trong mot phd NMR 13C hoac 1H tiéu biéu, vi tri cua céc tin hiéu doc theo
mot truc X cua pho twong ng Vai cac tan sd cua cac tin hidu dugc do bang d6 doi hoa
hoc. Ty trong cua cac tin hiéu duoc do doc theo truc y. Phé tiéu biéu nay duoc goi 1a
phd mot chiéu bai mot truc 1a truc tan s6. Trong mot phé CPD, 3C khir ghép cap dai
rong, mdi mot nguyén tir carbon khac nhau trong mau sé xuat hién nhu mot mili
duong don gian. Trong khi 6, phd DEPT hat nhan carbon -CHs va -CH cho ra tin
hiéu duong, trong khi d6 hat nhan carbon -CH> va carbon bac bon dua ra tin hiéu am.

Trong phd DEPT, céc tin hiéu NMR 3C c6 thé bi nén lai hodc dao chiéu phu
thudc vao s6 proton lién két véi nguyén tir C va cai dat chuong trinh xung.
DEPT(45) cung cdp mot phd NMR 3C ma ¢ d6 chi cac nguyén tir C gin vai proton
xuat hién. C4c tin hiéu do cac nguyén tir C bac bon khéng xuat hién. Phd cho boi
chuong trinh xung DEPT(90) trinh bay cac tin hiéu chi tir cAc nguyén tir C ma c6 1
proton lién két. CAc tin hiéu tir cac nguyén tir C c6 cac nguyén ti H lién két duoc
quan sét trong ph6 NMR 3C tir phd nghiém DEPT(135). Va cac tin hiéu tir cac
nguyén tir C c6 2 proton lién két (CH2) da bi dao chiéu (miii 4m). Sy so sanh cac
phd tir mot bo cua cac thuc nghiém DEPT cho phép chung ta xac dinh s6 proton
lien két voi mdi nguyén tir C trong mot phan tur.

% Phé hai chiéu HSQC va HMQC
Phé NMR hai chiéu (2D-NMR) 1a phd ma ¢ d6 ca hai truc x va y déu 1a truc

tan s6. Ty trong céc tin hidu trong mot pho hai chiéu thuong trinh bay trén mot biéu
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d6 nhu mot loat cac duong cd khoang cach gan tuong ty nhu mot ban d6. Hau hét
cac thuc nghiém phd twong quan hai chiéu quan trong nhit 1a phé HSQC va
HMBC.

Ph6 HSQC: cac tuong tac truc tiép H-C dugc xac dinh nho vao cac tuong tac
trén phd nay. Trén phd, mot truc 12 phd 1H-NMR con truc kia la 3C-NMR. Céc
trong tac HMQC nam trén dinh cac 6 vudng trén phd. Phd HMBC 1a phé biéu dién
cac tuong tac xa ciia H va C trong phan tir. Nho vao cac twong tac trén phd ndy ma

tirng phan cua phan ti cling nhu toan bo phan tir duge xac dinh vé cau tric.
1.4.3. Phuwong phap xac dinh cong thirc phirc

1.4.3.1. Phuwong phap tric quang

Nhitng hop chat mau 1a nhitng hop chat ¢ kha nang hap thu mot hoic mot vai
mau pho cua anh sang ty nhién va cé thé hap thu hoan toan hoic mét phan cuong
d6 ctia mau phd. Néu dung dich hap thu bic xa ving tr ngoai, anh sang tring
truyén sudt hoan toan dén mat, dung dich khéng mau. Néu chi hap thu duy nhat mot
mau pho thi mau caa dung dich chinh 1a mau bé sung, nghia 1a t6 hop mau phé va
mau b sung trg thanh khéng mau [4].

Phuong phap tric quang dua vao dinh luat Bouguer-Lambert-Beer [59], khi di
qua hé dung dich mau mot chium tia photon don sic thi mic do hap thu cua dung
dich mau ty 18 thuan véi cong suat chiim photon va nong do cac phan tir hap thu:

II—O =elC (1.68)

trong d6, € 1a do hap thu phan tir - biéu thi do hap thu caa dung dich c6 nong do

A=lg

chat tan 12 1 M dugc dung trong binh day 1 cm, ¢6 don vi 1a L.mol-tcm™; | 1a bé day
cua dung dich, cm va C 1a néng d6 dung dich mau, mol/L.

Néu do do hap thu quang ciia mot loat dung dich bang mot dong sang don sic
(tai mot gid tri A) thi A = f(1,C) 1a ham bac nhat, duong biéu dién 1a mot duong
thang, con duong T = f(C) 1a mot dudng cong. Vi vay trong phan tich trac quang chi
ding duong A = f(C) ma khang ding T = £(C) [9].

Trong phuong phap tric quang, ¢ thé sir dung dinh luat cong tinh [9] dé
nghién cau khi trong dung dich c6 nhiéu chat hap thu quang, Néu mét dung dich

gom chat nghién ctru va tap chat (hay chat nén) thi d6 hap thy:
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Adung dich = Anghién ciu T Anén (1.69)

Khi d6 dé loai bé anh huong cua tap chat (hay nén) dung dung dich so sanh
(mAu tring, blank) c6 thanh phan nhu dung dich miu do nhung khéng chta chat
mau phan tich. Khi d6 gia tri mat do quang do duoc chi 1a caia chat nghién cau.

Phuong phép tric quang c6 nhiéu vu diém [4], [9] nhu nhanh, c6 d6 chinh xéac
cao (sai s6 < 1%), c6 thé chuan do véi dung dich ¢ ndng do nho, do ké ca trong trudng
hop ma mét ta khéng nhin thay rd su thay d6i mau cua dung dich, dé tu dong hod.

Mot yéu t can chi y dén phuong phap nay 1a do chon loc [4], trong d6 yéu th
quan trong nhat quyét dinh tinh chon loc caa phuong phap 13 d6 rong cua van hap
thu quang cua phan tir trong dung dich (thuong 1a hang chuc nm) vi lién quan dén
kha nang xen phu van hap thu quang cta céc thanh phan khac (cac chat la va san
pham cua ) gay ra hién tugng cong tinh. Ngoai ra, mot van dé can quan tam nira 13
sai s6 trong phuong phap trac quang [58]. Sai s6 tuyét ddi dugc tinh nhu sau [4]:

dA =—0,434.10" dTI (1.70)

1.4.3.2. Phwong phap Job

Phuong phap Job hay con goi 1a phuong phap diy dong phan tir gam (trong
luan an nay chdng téi sir dung tén chung la phuong phap Job), duoc Vosburgh va
Cooper sir dung dau tién dé tim ra cong thic va tinh hang s bén cuaa phuc [3]. Gia

sir sy tao thanh phuc véi cac ion kim loai duoc biéu dién bang phuong trinh (1.71):
pM + ql_ = Mpl_q (171)

¢ day M la ion kim loai, L Ia ligand. Khi p =1, g = 1 ta cé cong thiac phitc ML; p =
1, q = 2 c6 cong thirc phiac MLo.

Theo phuong phép nay, tong nong d6 mol cia hai chat phan tmg duoc gitr khong
d6i nhung ty 1é cua chung thay doi. D6 hap thu quang cua diy duoc vé véi cac ty 18
mol cia phép do. P9 cao cua dinh dugc ngoai suy twong rng voi ty 1€ phuac [3].
1.4.3.3. Phuong phap ty 1€ mol

Phuong phap ty I¢ mol (hay con goi la phuong phap duong cong béo hoa)
dugc Yoe and Jones gidi thiéu va &p dung dé do cuong d6 hap thu mau cua phirc
Fe(lll) vai disodium-1,2-dihydroxy benzene-3,5-disulfonate. Trong phuong phap

nay, ndng do ion kim loai dugc giit ¢6 dinh va néng do ligand dugc tang dan ting nac.

40



Trén biéu d6 do hap thu quang theo s6 mol cua ligand thém vao, giao diém cua cac
phan doan tuyén tinh ngoai suy xac dinh ty 1&: mol cua ligand/mol caa kim loai [3].

Bén canh d6, Harvey va Manning di dé xuit mot phuong phap c6 tén goi la
phuong phap d6 dbc (slope) [3]. Phuong phap nay gia thiét ring ndng do can bang
ctia phirc mau vé co ban la ty 1é thuan véi ndng do phan tich caa thanh phan bién
thién. Khi 4p dung phuong phap nay cho phic cd kha nang phan ly cao nhu
Fe(SCN)**, can duoc kiém tra gia dinh nay mét cach than trong.

Trong phuong phap nay, can chuan bi hai diy dung dich. Dy thtr nhat c6
nong do6 ion kim loai thay di trong dung dich chira mot lwong du ligand. DAy thi
hai c6 ndng d6 ligand thay d6i trong dung dich chira ion kim loai du khong doi. Do
hap thu quang cia dung dich trong mdi lan thay d6i cia ca hai diy dugc do va vé
theo ndéng d6 cua thanh phan bién. Ty 18 két hop cua cac thanh phan trong phuc

bang ty 18 cua do doc cua hai duong thang [3].
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CHUONG 2. NOI DUNG VA PHUONG PHAP
NGHIEN CUU

2.1. NOI DUNG NGHIEN CUU
2.1.1. Poi twong nghién ciru

Dan xuat thiosemicarbazone va phuc chat cua thiosemicarbazone vdi cac ion

kim loai chuyén tiép & hai dang ML va MLz (Hinh 2.1)

R, R N 2C/ \Rz
s —
R in=2c" R, / N Ry
3 AN / \ R4 ~ 4 5'/
54 6 S =¢C

C=*N S \ \

/ 7M/ 2C:3'N R3

Ry R2\1-N/
|
ML ML

Hinh 2.1. Khung cau tric phic chat ML va ML trong nghién cizu
2.1.2. N¢i dung nghién ctru

Dé dat nhitng muc tiéu dua ra ¢ phan dit van dé, Luan an can thuc hién céc
noi dung cu thé nhu sau:

—  Xay dung cac mo hinh QSPR trén hai nhom dbi twgng phirc ML va ML,. Céc
mé hinh QSPR nay dugc xay dung dua trén ky thuat hoi quy tuyén tinh da
bién (MLR, OLR, OLS), hdi quy binh phuong cuc tiéu riéng phan (PLSR), hoi
quy thanh phan chinh (PCR) va cac phuong phap may hoc thdng minh nhu
mang than kinh nhan tao (ANN) va may vécto hd trg (SVM). Bé thuc hién
duoc ndi dung nay, can thuc hién cac budc cu thé nhu sau:

+ Tinh toan sang loc dir liéu: thu thap cac dit liéu thuc nghiém cuaa phuc
(ML, ML>); t6i wu héa ciu trdc cua cac phic chat da thiét ké, sang loc tir

thuc nghiém; tinh toan cac md ta phan tir bang cach sir dung céc cong cu
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lien quan va cac tham sé luong tir tir ciu trac da toi wu; Sang loc bo co s

dir liéu hoan chinh dé xay dung mé hinh QSPR;
+ Xay dung mé hinh QSPR tur c&c bo dir liéu;
+ Danh gid cdc mo hinh QSPR;
Thiét ké, sang loc cac dan xuét thiosemicarbazone va cac phuc chit méi cua
thiosemicarbazone véi céc ion kim loai phd bién. Bong thai, st dung cac mo
hinh QSPR di xay dung dé du béo hing s bén cua cac phirc chit nay.
Panh gia kha ning hinh thanh cua phdi tir (BEPT va BECT) va céc phuc cua
chang tir hop chat thiét ké méi véi mot sb ion kim loai (Ni2*, Cd?*, Cu?*, Zn?*,
Hg?*, Mn?*) @ chuan bi cho budc thuc nghiém tong hop bang cach sir dung
cac phuong phap tinh toan hoa lugng tir két hop véi cac giai thuat can thiét
nham.
Thuc nghiém tong hop hai phéi te BEPT, BECT va cac phuc twong ung
Ni(11)-BEPT, Cd(I1)-BEPT, Cu(ll)-BECT va Zn(I1)-BECT. Panh gia cu triic
cua ligand va phuc chat qua cac phwong phap phan tich héa Iy nhu phuong
phap phoé hap thu hong ngoai FT-IR, phd cong huong tir hat nhan 'H-NMR,
13C-NMR két hop pho DEPT 90, 135, CPD, HSQC va HMBC; phé khéi luong
phan giai cao HR-MS va phd EDX;
Khao sat kha niang tao phic xac dinh cac yéu té toi wu; xac dinh cong thic
phtrc chat (phuong phap Job, phuong phap ty 1é mol) va xac dinh hang sb bén
cac phirc chat nay bang phuong phap do quang phé UV-Vis va danh gia két

qua tir cac mo hinh dy doan va két qua thuc nghiém.

2.1.3. So' @6 nghién ciru tong quat

Qua trinh nghién ciru trong luan an duoc thyc hién qua nhiéu giai doan gém

nghién ctu ly thuyét xay dung mé hinh, thiét ké du doan hop chat méi va lya chon

hop chat mai dé thuc nghiém tong hop (Hinh 2.2).

2.2. CONG CU, HOA CHAT VA THIET BI NGHIEN CUU

2.2.1. Dir liéu va phin mém

Phuong phap md hinh héa QSPR dya trén nén tang hoa hoc tinh toan va céac

phuong phap toan hoc, do do viéc x@y dung cdc mé hinh nay s dung hang loat

cong cu va phan mém tinh toan (Bang 2.1).
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Hing sb bén MLR, PLSR, PCR,
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du doan danh gia chét méi dang bén chat mé6i

Hinh 2.2. So dé nghién citu tong quéat

Bang 2.1. Cong cu/phan mém si dung xay dizng mé hinh QSPR

STT | Coéng cu/phan mém Ung dung

1 | BIOVIA Draw 2017 R2[28] | V& céu trlc phan tir 2D

2 | ChemBioOffice 2013 [32] V& cau trdc phan ti 2D

3 | Avogradro V1.2.0 [23] Thiét lap tinh toan lugng tir;

—  Téi uu héa co hoc phan tic MM:;
4 Hyperchem 8.0.8 [66] — Tinh todn PM3;
—  Chuyén cau trdc sau khi tinh toan.

5 MOPAC2016 [142], [143] Tinh toan co hoc luong tu.

—  Tinh toan tham s6 mé ta phan tu;
6 | QSARIS V1.1[10], [112] —  Xay dung md hinh QSPReaA-MLR,
QSPReA-pLs, QSPRGA-pCR.

Xay dung dix liéu tinh toan;

7 MS-EXCEL 2013 [96] — Phéan tich ANOVA;
— Nén tang cua cac phan mém khac;
8 | Origin 9.0 [102] Thiét lap céc biéu do, d6 thi;

— Sang loc bién trudc khi xay dung mo
hinh QSPRMLR;

9 XLSTAT2016 [155] — Phan chia di ligu (k-means, AHC);
—  Xay dung mé hinh héi quy QSPRpLs,
QSPRepcr;
10 Regression 2008 [140] Xay dung md hinh hdi quy QSPRwLR;

44




11 | VisualGeneDeveloper 1.7 [74]| Xay dung md hinh QSPRann
12 Matlab 2016 [94] Xay dung md hinh QSPRann
13 | Weka 3.9 [154] Xay dung md hinh QSPRsvr
14 | Datan 3.1 [37] Xéc dinh hing s6 bén cua phirc

2.2.2. Hoa chit, dung cu va thiét bi

Hoa chét sir dung trong nghién citu c6 d6 tinh khiét cao, c6 ngudn géc rd rang

cua cac hdng ndi tiéng duoc nhap khau tir Han Quéc. Mot s6 hda chat, dung méi st

dung c6 ngudn géc tir Viét Nam, Trung Québc (Bang 2.2).

Bang 2.2. Danh muc hda chdt si dung trong nghién cuzu

STT Héa chat CTPT Nguén géc

1 | Nickel(I) Chloride NiCl,.6H.0 Sigma-Aldrich, Han Quéc
2 | Cadmium(Il) Chloride CdCl,.2¥2H,0 Sigma-Aldrich, Han Quéc
3 | Copper(Il) Chloride CuCl..2H,0 Sigma-Aldrich, Han Quéc
4 | Zinc(Il) Acetate Zn(OOCHs3)2.2H,0 | Sigma-Aldrich, Han Quéc
5 | Acetic acid, 100% CH3:COOH Sigma-Aldrich, Han Quéc
6 | Chloroform CHCIs Fisher Chemical, Han Quédc
7 | Dichloromethane CH:CI; A. Reagent, Trung Qudc
8 (';m;éyl}';';mami de) HCON(CHa)2 Sigma-Aldrich, Han Quéc
9 EJX‘ISS d(e‘;imemy' (CHs)2S0 Sigma-Aldrich, Han Quéc
10 | Ethyl Acetate (anhydrous) | CH3COOCzHs A. Reagent, Trung Qudc
11 | Ethanol C2HsOH Sigma-Aldrich, Han Quéc
12 | Methanol CH3OH Sigma-Aldrich, Han Qudc
13 :E)?ng\sll;ccinimide) CsH4BrNO; Sigma-Aldrich, Han Quéc
14 | N-hexane CeH1a A. Reagent, Trung Qudc
15 | Phenothiazine C12HoNS Sigma-Aldrich, Han Qudc
16 | Bromoethane C2HsBr Sigma-Aldrich, Han Quéc
17 | Phosphoril chloride POCI; Sigma-Aldrich, Han Quéc
18 | Potassium hydroxide KOH A. Reagent, Trung Qudc
19 | Sodium hydroxide NaOH A. Reagent, Trung Qudc
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Sodium sulfate 2
20 (anhydrous) Na2SO4 A. Reagent, Trung Quodc
21 Sodium acetate CH3COONa A. Reagent, Trung Quéc
(anhydrous) 3 - reagent, g Lu
TBAHS ,
22 | (Tetrabutylammonium N(C4Hg)sHSO4 Sigma-Aldrich, Han Quoc
hydrogen sulfate)
23 | Thiosemicarbazide NH2CSNHNH: Sigma-Aldrich, Han Quédc
24 | Dau gia nhiét Dau thay hrc Viét Nam
25 | Nuéc cat Cat 2 1an Vién hoa hoc Mién Nam.

Dung cu thi nghiém va thiét bi st dung nghién ctru 1 nhitng dung cu co ban

trong phong thi nghiém c6 ngudn gbc tir Viét Nam, Trung Qudc va Drc.

Bang 2.3. Dung cu va thiét b thi nghiém si dung trong nghién cizu

STT| Dung cu/Thiét bj Pic diém Nguon géc

1 | Binhcau2,3c¢o 250, 500 mL Schott, Puc

2 | Binh cau 500 mL Schott, Durc

3 | Binh dinh mic 25, 50, 100, 500 mL Schott, Buc

4 | Nhiét ké 100°C Viét Nam

5 | Becher, Erlen 50, 100, 250, 500 mL | Schott, Buc

6 | Pipet vach 1,2,3,4,5 10,20 mL | AHN, butc

7 | Pipet bau 1,2,3,4,5,10,20 mL | AHN, Puc

8 | Buret 25,50 mL Duran, bac

9 | Ong sinh han Nguyén bo Witeg, Puc
bia thuy tinh, bop )

10 | caosu, phéu chiét, Viét Nam, Trung Quoc
ong thuay tinh cac loai

11 | Cén phén tich Max 2509 Satorius, Japan

12 | Bép khuay tir khuay tir, gia nhiét Thermo scientific, China

13 | Binh khi nito 5kg Viét Nam

14 | Bat do pH bién tur, 200°C Thermo scientific, China

15 | Thiét bi c6 quay Laborota-4010 Heidolph, Buc

16 | May do UV-VIS ZA300 Hitachi, Japan

17 | May do phd FT-IR FT/IR 4700 Jasco, My
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2.3. XAY DUNG MO HINH QSPR
2.3.1. Tinh toan sang loc dir li€u

Qua trinh tinh toan sang loc dit liéu theo cac budc md ta trén Hinh 2.3:

Dit liéu thyc nghiém —»{ Tham s thue nghiém 7~ logp — Bién mo ta

Y

Y A

Loai bo cau tric

khong phtt hop —| TOi uu hoa cau traic —» Tham so lugng tir Sang loc dir liu

Y Y

Tinh mo ta phan tr — Thamsb ciutrac — | Phén chia dit liéu

Hinh 2.3. So d tinh toan sang loc dir liéu

2.3.1.1. Thu thép dir li¢u thue nghi¢ém ban dau

Lya chon dir liéu nghién ctru 13 bude dau tién trong nghién ctu QSPR. Trong dé
tai nay, chung toi da thu thap da liéu tir thuc nghiém caa hai phirc ML va ML trén
ciing mot khung cau tric cia dan xut thiosemicarbazone véi cac ion kim loai khac
nhau tir cac cdng trinh nghién ciu qua cac bai bao cong bé trén céc tap chi uy tin.
2.3.1.2. T6i wu héa ciu triic

Quié trinh téi wu héa duoc thuc hién qua hai budc. Tht nhat, phirc dugc téi vu
hoa bang phuong phap MM véi truong luc MM* duing cho cac hop chat cd ngudn
g6c hiru co bang cong cu HyperChem 8.0.6 [66].

| Phirc ML, |

|

| Thiét ké cdu tric 2D |

MM | oM
| Chon giai thuat | —— Tinh toén lugng tir |
1. Steepest Descent 3. Polak — Ribiere i l
2. Fleetcher - Reesves | 4. Block-diagonal ’ Két qua QM ‘
Newton-Raphson
| TéiwuhéaMM | ’—‘—‘
l Céu triic Tham s6
’ Keét qua MM t6i wu lugng tir
l -
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Hinh 2.4. So do6 nghién citu cdu triic theo phwong phap MM va QM

Bén giai thuat duoc khao sat dé tim giai thuat téi wu gdm Steepest Descent,
Fleetcher-Reesves, Polak-Ribiere va Block-diagonal Newton-Raphson. Sau do,
phtic chat duoc tiép tuc ti wu hoa ciu tric bang co hoc lugng tir (QM) theo phuong
phap ban thuc nghiém véi phién ban mdoi PM7 va PM7/sparkle trén céng cu
MOPAC2016 [143] thong qua viéc thiét lap tinh toan luong tir bang phan mém
Avogradro V1.2.0 [23] (Hinh 2.4).
2.3.1.3. Sang loc dir liéu

Kiém tra cau tric phic chat sau khi téi vu hoa bang co hoc lwong tir. Nhiing
cau trac bi 15i so vai cac khung cau tric ML/ML2 nhu thiét ké ban dau s& bi loai
khoi dit liéu nghién ctu. Tinh toan lugng tir s& dua ra két qua chira trong cac tap tin
dir liéu dinh dang notepad (*.arc; *.out; *.aux). Truy xuat cac tap tin dir liéu nay s&
thu nhan tham sé dién tich cia cac nguyén tir & cac vi tri ciia khung cau trdc trong
phan ttr va tham sé héa Iy nhu HOMO, LUMO, ning luong tong, nhiét tao thanh,
mod men ludng cuec...

Tiép dén, str dung cau trac da toi uu cta cac phirc chat nay dé tién hanh tinh
toan bo mo ta cau trdc phan ta trén hé thdng QSARIS V1.1 [66]. Két qua caa phép
tinh nay tra vé hang loat cac tham sé md ta tuong wng véi cac phicc chat ML/ML,
ban dau dua vao voi gi4 tri hang sé bén logBpq trong (tng nhan tir thuc nghiém.
Tién hanh sang loc, loai bo cac bién mo ta khdng pha hop, két hop cac tham sb
lwong tr va tham sé tir didu kién thuc nghiém tao phtc thu thap duoc di tao ra
mot bo dir liéu.

Khong thé st dung bo dix lidu vira thu duge dé xay dung mé hinh, nén can st
dung hai phuong phap da trinh bay 13 k-means va AHC dé chia bo dir liéu d6 thanh
nhitng bo dix liéu phd hop. Céc bo dit liéu nay dugc sir dung dé md hinh héa QSPR.
2.3.2. Phwong phap x4y dung mé hinh QSPR

Qua trinh xay dung moé hinh QSPR duoc bat dau bang phuong phap MLR.
Phuong phap nay cho mot mé hinh véi cac bién mé ta. St dung cac bién nay lam
bién dau vao dé xay dung cac md hinh hoi quy khac nhu PLSR, PCR ciing nhu céac
mo hinh phi tuyén néu c6 nhu ANN va SVR. Mot sb cong trinh da cong bd chi sir

dung hai phuong phap. Trinh tu xay dung mé hinh duoc trinh bay trén Hinh 2.5.
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B dir liéu
Giai thudt GA XLSTAT2016
Sang loc
cac bién
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} QSPRps QSPRpcr } } QSPRanN QSPRsvr }
e J

Hinh 2.5. Trinh tw xay dung cac mé hinh QSPR kém c6ng cu nghién cuu

2.3.2.1. M6 hinh hdi quy tuyén tinh

Phuong phap hoi quy tuyén tinh bao gdm MLR, PLSR va PCR, trong d6 MLR
luon duoc xay dung dau tién trong tat ca cac nghién cau. Tap dir liéu duoc chia
thanh nhoém luyén (80%) va nhom danh gia (20%). Khé khan 16n nhét trong qué
trinh xay dung 1a su lua chon bién. Trong nghién ciu nay, viéc lya chon bién dua
vao cong cu XLSTAT2016 [155] hoac giai thuat di truyén (GA). Sau do, qué trinh
xay dung md hinh sir dung céc k¥ thuat hoi quy chuyén tiép (forward) va loai bo
dan (back-elimination) trong céng cu Regression [140]. Bén canh d¢, giai thuat di
duyén (GA) ciing st dung dé lya chon bién khi xay dung mé hinh. Cac bién dua
vao md hinh déu dugc danh gia thong qua hé sé twong quan Pearson R, gia tri P va
t-test. S6 bién dua vao mo hinh duoc kiém soat thong qua su thay doi co y nghia cac
chi s6 danh gia mé hinh sao cho pht hop nhu RZpain, R%dj, MSE (hay SE, RMSE),
Q2?Loo, Fstat, PRESS.

Phuong phap PLSR con sir dung cac dai lwong thong ké tich lily dé danh gia
su lya chon bién phu thudc va bién doc 1ap nhu Q%um, Q%veum VA Q%xcum. NgOai ra,
con sir dung VIP dé danh gia tam anh huong cua cac bién trong mé hinh. Déi voi
phuong phap PCR ngoai cac dai lwong co ban con st dung k¥ thuat phén tich thanh
phan chinh PCA dé sang loc bién va sir dung dai luong thong ké phuong sai giai
thich d¢ giai thich y nghia ctia c4c bién trong mo hinh. Hai phuong phap PLSR va
PCR duoc xay dung bang cong cu XLSTAT2016 [155].

Céc tham sé duoc sir dung trong giai thuat bao gom kich thudc quan thé ban
dau, xac suat cho bién dwa vao giai phap, lua chon xép hang tuyén tinh vai kich

thugc Toumant, Xac suat giao phdi, giao diém mot diém vai s6 con cai co cung bd
49



me va xac suat dot bién déng nhat. Trong qua trinh chon bo mo ta, can thiét cap
nhat dan sé vai sb luong tat ca con cai duoc tao ra va thay thé xau nhéat bang mot
giai phap con céi tot nhat. Ham téi wu Friedman véi dung sai va sb luong thé hé tdi
da can thiét 1ap khi tinh toan. Thuat toan di truyén tap trung vao cac diém sau:

—  Xba cac md ta co cung gia tri va cac mé ta ¢ do léch chuan nhé hon 0,05.

—  Xoba cac md ta véi hé s Pearson trén 0,75.

—  Cubi cung, ky thuat hdi quy tuyén tinh da bién duoc st dung dé loai bo
c4c md ta tiép theo c6 anh huong khong dang ké dén kha ning du doan
cua md hinh QSPR.

2.3.2.2. M6 hinh phi tuyén
a. M6 hinh ANN

Tap dix liéu xay dung moé hinh ANN véi cac bién dau vao nhan két qua tir mo
hinh MLR va viéc chia b dir liéu phu thudc vao cdng cu sir dung. Hai cong cu phét
trién md hinh mang, d6 1a VisualGeneDeveloper 1.7 [74] va Matlab 2016 [94].

Déi voi cong cu VisualGeneDeveloper 1.7, viéc chia tap di liéu hoan toan
gidng nhu trong qua trinh xay duyng mo hinh MLR. Tuy nhién, d6i véi phan mém
Matlab 2016, sir dung cong cu ‘nntools’ dé luyén mang va tap dir lidu trong truong
hop nay duoc chia thanh ba tap di liéu nho bao gom tap luyén (60+70%), tap danh
gia chéo (20%) va tap kiém tra (20+10%) [94]. Bong thoi, ciing st dung tap dir liu
ngoai doc lap dé danh gia ngoai md hinh.

Trong nghién ciu nady, mang ANN duoc luyén theo hinh thai mang truyén
thang nhiéu 16p (MLR) véi giai thuat lan truyén nguoc. Kién tric mang sir dung bao
gom ba lép 1(m)-HL(n)-O(k), ham truyén st dung bao gdm hai ham phé bién 12 ham
sigmoid va hyperbolic tangent sigmoid. Ky thuat luyén mang theo cac budc sau:

—  Chuan bi tap dir liéu: chuan hoa tap dix liéu va chia tap dir liéu;

—  Khao sat kién triic mang: lua chon kién triic mang dé luyén;

— Lua chon cac thong s6 luyén mang: ham truyén, quan tinh, toc do hoc,

ham muc tiéu hoi tu.

— Luyén mang két hop tap dir liéu danh gia ngoai va tap dix liéu cho hop
chat thiét ké moi (néu co);

—  Panh gia hidu ning mang qua cac cac tham s6 hdi quy R%ain, Q%cv, Q2est.
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b. M6 hinh SVR
Quy trinh mé hinh hda SVR duoc trinh bay trén Hinh 2.6 [98], m0 ta chuodi

cac buéc cho mé hinh héa SVR. Cac bién dau vao lay két qua cia md hinh xay
dung theo phuong phap MLR.

Dau tién, tap di liéu bao gdbm cac tham sb phu thudc (dau ra/muc tiéu) va céc
tham sé dau vao doc lap duoc chuan héa. Bo dit liéu chuan hoa dugc chia ngau
nhién thanh tap luyén (80%) va tap kiém tra (20%). Lya chon ham hat nhan thich
hop khac nhau nhu ham tuyén tinh, ham da thic, ham xuyén tam... Sau do, téi uu
hoa cac tham s6 siéu mo hinh (C, &) va tham s6 hat nhan (y) kém theo danh gia
chéo. Cudi ciing, md hinh SVR duoc phét trién bang cach sir dung céc tham so toi
wu, két qua thu duoc gia tri du doan va dit liéu thuc nghiém. Hiéu suat caa mé hinh
SVR duoc danh gia dya trén cac thong sé thong ké twong tu nhu cac phuong phap
khac dugc trinh bay cu thé ¢ phan trén. M6 hinh SVR xay dung bang céng cu Weka
3.9 [154].

Dit liéu dau vao
}
Chuan héa dit liéu
!
v l
Tap luyén (80%) Tap kiém tra (20%)
v
Chon ham hat nhan
!
To1 vu hda cac tham s6 mo
hinh c6 danh gia chéo
M6 hinh SVR
v6i tham s0 t0i uu
]
Két qua du doan tap luyén Két qua du doan tap kiém tra
Két qua

Hinh 2.6. So do xay dng md hinh SVR
2.3.3. Panh gia mo6 hinh
Panh gia 1a mot phan khdng thé thiéu trong qua trinh phat trién mé hinh QSPR

véi muc dich 1a xac minh kha nang du doan cua mot moé hinh. Panh gia mo hinh
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dugc thuc hién theo hai budc géom chia bo dir liéu va phan tich théng ké. Ngoai su
pht hop, ciing can thiét dé xac dinh mién tng dung AD va cac quan sat ngoai bién.
Pé danh gia mo hinh, mot tap dit liéu ban dau dung xay dyng mé hinh duoc
chia thanh mot tap luyén va mét tap danh gia ngoai hay tap kiém tra. Tap luyén duoc
chia thanh mét tap hiéu chinh hay tap luyén con va mot tap danh gia noi. Tap hiéu
chuan nhim hiéu chinh c&c hé sé mé hinh véi cac dai lwong thong ké tot nhat. Tap
danh gia noi duoc sir dung dé danh gia ndi véi Ky thuat danh gia chéo (CV) trong khi

d6 md hinh phat trién bai tap hiéu chuan. Giai doan danh gia mé ta trén Hinh 2.7.

Dénh giad m6 hinh QSPR

'
! !

banh gia ndi Danh gia ngoai
(tap luyén) (tap kiém tra)
1.R? 1. R? du doén
2. LOO-CV (Q%Lo0) 2. (RP-R}) IR}
|3 Lmo-cv (Q%Lmo) 3.(R?-R?)/R?
S, . 1. Pon bay h
Mién I’Ing dur.lg .VAa 2. Khoang céach Cook
quan sat ngoai bién 3 SDR

Hinh 2.7. Céac giai doan khac nhau danh gia mé hinh

2.3.3.1. DPanh gia chéo

Danh gia chéo (CV) hay con goi la danh gia ndi dugc thuc hién trén tap luyén
trong qué trinh xay dung mé hinh. Trong nghién cau nay, cac md hinh chu yéu sir
dung phuong phap chia dit liéu ngiu nhién va danh gia chéo bang ky thuat loai bo
dan ting truong hop (LOO). Bén canh do, con ¢ k¥ thuat danh gia chéo loai bo
dan nhiéu trudng hop LMO (hay k-fold) va khoi dong lap. Ky thuat LOO va LMO
dé cap dén qua trinh x6a mot hoac nhiéu diém dir lidu khoi tap dir liéu. Viéc su
dung LOO khong wu tién cho mot nhém dit liéu 16n bai vi cé thé phong dai hiéu
suat md hinh, ma ap dung LMO pho bién hon vi cé nguy co thap danh gia khong
pht hop [150] véi diéu kién sb lugng mau trong LMO phai 16n hon hoac bang 2, va
t6t nhat 1a du 16n dé co du céc vong luyén [92]. Cac dai luong sir dung trong danh
gia chéo bao gom R2cv, Q2%cv, Q2Loo, Q2%cv-Loo, RZmo, Q2%cv-Lmo.
2.3.3.2. Danh gia ngoai

Khong giéng tap dir liéu danh gid chéo (CV) la c6 thé sir dung di liéu thu
duoc tir cing mot ngudn, tap danh gia ngoai chi s dung dir liéu bén ngoai, doc 1ap
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véi tap luyén ma khdng bao gio duoc sir dung trong qua trinh phat trién mé hinh.
Tam quan trong va su can thiét caa tap ngoai trong qué trinh phat trién mé hinh
QSPR di dugc nhin manh trong huéng dan caa OECD [100]. Céc gia tri théng ké
sir dung trong danh gia ngoai gom Q%est VA R2est.
2.3.3.3. Panh gia mién wng dung va quan sat ngoai bién

K§ thuat nay st dung lva chon cac quan sat nim trong mién tng dung va loai
bo céc quan sat ngoai bién dé tao ra mot tap dit liéu dam bao khi xay dung mé hinh.
Bén canh d6, ciing duoc st dung dé du doan cac phirc chat thiét ké mai, tuc 1a chi
du doan cac phirc chat nam trong mién ung dung. Cac chi sé danh gia da trinh bay
cu thé trong Chuong 1 bao gdm don bay h, khoang cach Cook, hay d6 Iéch du SDR.
2.3.3.4. Panh gia so sdnh cac mo hinh

Pé danh gia kha ning du doan tir cac md hinh cé thé sir dung céc chi s6 danh
gia nhu di trinh bay nhu ARE (%), MARE (%). Ngoai ra, dé tai ciing sir dung
phuong phap phan tich ANOVA mot yéu té dé danh gia su khac biét gitra cac gia tri
du doan nhan duogc tir cdc md hinh va gia tri thuc nghiém tuong tng.

2.4. THIET KE HQP CHAT MOI
2.4.1. Lwa chon ddi twong thiét ké méi

Phenothiazine, tén danh phap qudc té 13 10H-phenothiazine, 1a mot hop chat
hiru co c6 cong thirc S(CsHa)2NH va 13 hop chat di vong. Trong khi d6, carbazole
¢ danh phép theo IUPAC la 9H-carbazole (C12HsN). Ca hai hop chat nay va dan
xuat cua ching ¢ nhiéu ung dung twong doéng nhau trong thuc té nhu céc chat
thudc nhuém hiru co khong chira kim loai, thuéc nhuém va chat chéng oxy hoa.
Dic biét, chiing ¢ hoat tinh sinh hoc da dang nhu khang khuan, khang ndm, hoat
tinh chdng ung thu... Cac dan xuét cua hai nhém chit nay duoc tng dung nhiéu
trong linh vuc dugc hoc [61], [101]. Bén canh d6, do cau tric di vong nén céac dan
Xuat chtra hai nhdm chét nay ciing dé dang tao phirc véi nhiéu ion kim loai. Chinh
vi thé, chung dugc nghién ciu nhiéu trong thuc té [52], [67], [124]. Pay la diéu
kién thuan lgi dé lya chon cac nhdm nay trong viéc thiét ké mai cac dan xuat
thiosemicarbazone mai.

Trong luan 4n nay, dé dinh huéng cho nghién cau thuc nghiém véi ligand va
phiic chat méi chua nghién ctu, ching tdi lya chon hai nhém d6i tuong dya trén
khung cau trdc 10H-phenothiazine va 9H-carbazole (Hinh 2.8) tai vi tri R4 cua

khung cau trdc chung cua dan xuat thiosemicarbazone dé thiét ké hop chat méi.
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(a) 10H-phenothiazine (b) 9H-carbazole

Hinh 2.8. Cdu tric cia 10H-phenothiazine (a) va 9H-carbazole (b)
2.4.2. Thiét ké cac din xuit thiosemicarbazone va phirc chat

Dua trén su lya chon d6, nghién ctu nay di thiét ké cac dan xuat
thiosemicarbazone mai trén khung 10H-phenothiazine va 9H-carbazole cling tai
nhom Rg, c4c vi tri con lai déu 14 nguyén tir hydro. Cac dan xuat dugc lya chon dé
gan vao khung ciu trac thiosemicarbazone déu da dugc nghién ciu tong hop trong
thuc té [52], [67], [124]. Nhu vay, khung ciu trdc cia hai nhom ddi twong ndy voi

cac nhom chure tai cac vi tri duoc trinh bay trén Hinh 2.9.

R’ I|{‘1 :
S

a) R
(@) (b) R
Hinh 2.9. Khung cdu trdc cia 10H-phenothiazine (a) va 9H-carbazole (b)

Khung céu tric caa ligand duoc thiét ké mai nhu Hinh 2.10.

R, R R, T R,
| N
R N R's
o, 0o
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Ry S Z SN ONH, R Z SN O,

Hinh 2.10. Khung cdu tric cua ligand thiét ké méi

Trén khung cau trdc thisemicarbazone thiét ké méi, ching toi 1an luot két hop
v6i ndm ion kim loai phd bién gom Cu?*, Zn?*, Ni%*, Cd%*, Ag* dé tao ra véi hai loai
phic ML va ML..

2.5. DU BAO HANG SO BEN VA PANH GIA KHA NANG HINH THANH
CUA LIGAND VA PHUC CHAT MOI

2.5.1. D bAo hing s6 bén ciia phirc chiat méi
Déi véi cac hop chat mai sau khi thiét ké, tién hanh tinh ton sang loc dit liéu
hoan toan giéng nhu dit liéu thu thap ban dau tir thuc nghiém nhu di trinh bay &
Phan 2.3.1 va so dd sang loc dit liéu Hinh 2.3. Viéc du doan hang sb bén cua céc
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phtrc chit méi qua cac mo hinh da xay dung dugc thuc hién bang cach dua dit liu
bo m6 ta phan tir cua cac phirc chat méi vao tap luyén va tién hanh danh gia mién
{rng dung va c4c quan séat ngoai bién qua cac chi s6 nhu da trinh bay ¢ phan 1.2.4.1.
Céc phirc chat méi nam trong mién tng dung s& duoc du béo hing sé bén va cac
phirc chat nam trong mién quan sat ngoai bién s& bi loai bé ma khéng du bao & mé
hinh sir dung dir b4o. Tuy nhién, do c6 nhiéu mé hinh dugc xay dyung trong dé tai
nén c4c quan sat ngoai bién caa md hinh nay cé thé nam trong mién tng dung cua
cac md hinh khéc. Viéc dyu bao hang sé bén cua cac phtc chat méi duoc sir dung
trén tat ca cac mo hinh trong cung maot tap dix liéu luyén tdy thudc vao tap di liéu
d6 duoc xay dung cac mé hinh ndo. Qua trinh du bao duoc thuc hién theo so dd nhu
Hinh 2.11. Bong thoi, chiing ciing dugce danh gia so sanh kha nang dy béo cua cac
md hinh qua cac chi s6 ARE (%), MARE (%) va phan tich phuong sai.

Phttc chit méi
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Hinh 2.11. So d6 dw béo hang sé bén phiic chdt thiét ké méi
2.5.2. Phén tich cAu dang ciia ligand va phirc chat

2.5.2.1. Lua chon ligand va ion kim loai nghién ciru

Viéc lva chon cac dan xuat thiosemicarbazone va ion kim loai 1a dé tinh toan
tim kiém cau dang bén nham chuan bi cho giai doan thuc nghiém téng hop. Do do,
su lwa chon céc hop chit nay chinh 1a su lya chon cho viéc tong hop ligand va céc
phtrc chét, diéu nay dua trén cac 1y do sau day:

— Dan xuit thiosemicarbazone méi chua duoc tong hop;

—  Céc ion kim loai phd bién, théng dung xuat hién nhiéu trong céc cong trinh

nghién ctru twong duong va duoc sir dung rong rai trong cac linh vuc;

—  Xay dung duoc quy trinh tong hop rd rang cac cdng trinh nghién ctu;
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—  C6 tinh kha thi khi nghién ctru trong diéu kién thuc nghiém cho phép;

—  Céc tién chit tong hop c6 sin, dé tim kiém va cé gia thanh khdng cao;

—  Pinh hudng tinh da wng dung cua thiosemicarbazone va phtc chat.

Dua trén khung ciu trac trén Hinh 2.9 cua hai nhdm 10-phenothiazine va 9H-
carbazole, ching tdi lra chon méi nhém mét déi twong dé thue hién téng hop trong
luan an nay (Hinh 2.11).

\N N(
S
S
/@ jij\/'\'\ )J\ Q O a )L
Br S Z H NH, o \u NH,

Hinh 2.12. Hai ddn xudt thiosemicarbazone lia chon phan tich cdu dang bén

2.5.2.2. Phan tich tim kiém cAu dang bén ciia ligand va phtrc chit

Hai ligand mai thiét ké s& duogc tong hop va tao phic chat véi mot sé ion kim
loai do la -2-((7-bromo-10-ethyl-10H-phenothiazin-3-yl)methylene) hydrazine -1-
carbothioamide (BEPT )va -2- ((6-bromo-9-ethyl-9H-carbazol-3-yl) methylene)
hydrazine-1-carbothioamide (BECT). Pong thoi, dé dinh huéng cho nghién cau
thue nghiém trong viéc tong hop céc phtc chat, hai ligand nay duoc tao phic Voi
cac ion kim loai gdm Cd?*, Ni?*, Cu?*, Hg?*, Pb?*, Mn%* va Zn?* dé tim ra cau dang
thich hop voi ning luong phu hop nhat caa toan bd phan tir. Cau tric phiec ma

chung t6i dinh hudng ¢ dang ML..

(b)
Hinh 2.13. Bg khung phan tiz; a) BEPT va BECT; b) Phurc chat. S xoay lién két va

g6c hai mat phang trong qué trinh tim kiém cdu dang.
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Viéc tim kiém cau dang bén cho céac ligand va phic chat nay 1a dé tim ra cau
dang thich hop véi ning luong pht hop nhit cia toan bo phan tir. Clng véi viéc xac
dinh mic ning lwong tdi thiéu toan cuc cua cac bé mat thé nang (PES), diéu quan
trong 1a xac dinh tat ca c4c cuc tiéu s& tao ra nhiét va do d6 s& anh hudng dén céc
dic diém quan sat vi mo cua hé théng. Cau trdc phan tir cua ligand véi su xoay lién
két va g6c hai mit phang trong qué trinh tim kiém cau dang duoc md ta Hinh 2.12.

Phuong phap tim kiém két hop céc tinh toan MM* va PM3 véi ky thuat Monte
Carlo st dung giai thuat Metropolis & 298 K dén 473 K. C4u dang lra chon ban dau
duoc thuc hién ngau nhién sau 15 l1an Iap lai va 30 lan loai bo. Ciu dang duoc chon
bang cach thay doi goc xodn trén hai mat phang tai vi tri caa cation kim loai lién két
véi cac phdi tir N va S caa thiosemicarbazone. Phuong phap tim kiém dugc thuc
hién bang cach thay ddi ngau nhién céc goc nhi dién dé tao ciu trdc méi va sau d6
cuc tiéu nang luong cho tirng géc nay bang phuong phéap tinh toan MM+ va PM3.
Nang luong ph hop thap nhit duoc tich liy trong khi cac ciu trac nang lugng cao
hoac trung lap bi loai bo. Do dai lién két cua ion kim loai va cac ligand cua phic
chat danh gia bai thé nang bé mit twong tac (PES).

Déi vai céc phirc chat, vi tri un xoin gom cua BEPT 14 ti: C12-Ns-Mei-No, t:
C3-S2-Mei-Se, t3: No-Ng-C7-Se, ta: N5-Ns-Nsg-So va BECT la t1; C17-N1g-Mei1g-Naa, to:
C21-S20-Me19-Nuis, t3: Caz-Sa2-Me1g-Na1, ta: Nig-Me1g-Na1-Nasa (Hinh 2.12b) cho céc
ion kim loai dugc coi 1a phép quay xoin cuc bo vé lién két vong cia cac nguyén tir
trong vong. Viéc tim kiém thong tin thuc hién cho dén khi mot tap hop tuan tha
nang luong thap duoc tao ra sau mot sé vong lap. Poi vai cac phac chat nay, lién
két vong giita ion kim loai va N, va giira S va ion kim loai duoc xem xét nén sé c6
hai manh duogc khao sat trong khung cu tric thiosemicarbazone. Tt ca cac lién két
khac véi N duoc quay theo mot husng vé lién két N-Me va tat ca céc lién két khac
véi ion kim loai duoc quay theo hudng nguoc lai vé lién két S-Me. Déi vai qua
trinh tim kiém c4u dang, ca hai phép thir hinh hoc va nang luong duoc sir dung 1am

tidu chi trong viéc chap nhan su phd hop mai.
2.6. TONG HQP LIGAND VA PHUC CHAT
2.6.1. Tong hop BEPT va BECT

Do dinh huéng nghién ctu thuc nghiém ban dau, quy trinh tdng hop cua hai

thiosemicarbazone BEPT va BECT la gidng nhau (Hinh 2.13 va Hinh 2.14). Vé
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nguyeén tic, chiang duoc tong hop qua bon giai doan gom ethyl hoa, carbonyl hoa,

brom héa va cubi cung phan tng tao thiosemicarbazone.

. D
N N
CszBr Poct, @
H
< KOH DMSO, DMEF, CHC13 s

TBAHS
(2) 3 o
10H-phenothiazine 10-ethyl-10H-phenothiazine 10-ethyl-10H-phenothiazine-3-carbaldehyde
NBS
CHCl;

S
\ HoN )1\
Y N

N Hy N
D\/ S H
/[ I N )1\ o aci /[ I H
Br s N NH, EtOH, Acetic acid Br s

H

(0]
2-((7-bromo-10-ethyl-10H-phenothiazin-3-yl)methylene)hydrazinecarbothioamide ~ 7-bromo-10-ethyl-10H-phenothiazine-3-carbaldehyde

(5)= BEPT

Hinh 2.14. So d6 téng hop BEPT

= QA5

N DMF, CHCl,
TBA H S
(1) 2) ) ()]
9H-carbazole 9-ethyl-9H-carbazole 9-ethyl-9H-carbazole-3-carbaldehyde
NBS
CHCI,

S
Br.
e
NH, HaN )I\

s vAR QMR IN 0oy

EtOH, Acetic acid N
K ()
2-((6-bromo-9-ethyl-9H-carbazol-3-yl)methylene)hydrazine-1-carbothioamide 6-bromo-9-ethyl-9H-carbazole-3-carbaldehyde

(5)=BECT

Hinh 2.15. So do tong hop BECT

2.6.2. Tong hop phitc chat

Phan tng tao thanh phic chét giira ligand va céc ion kim loai phu thudc vao
nhiéu yéu t6 nhu trinh bay trong Chuong 1 18n qué trinh tong hop phtc chat giita
BEPT/BECT véi céc ion kim loai dugc khao sat. Anh huéng cua cac yéu té nhu
pH, luc ion (KNO3 1M), dung mdi va nhiét do. Qua trinh téng hop phirc chét cua
ligand BEPT duoc thuc hién véi hai ion kim loai la Ni?* va Cd?* nhu Hinh 2.15.
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Hinh 2.16. So do tong hop phic chat Ni(11)-BEPT va Cd(11)-BEPT

Quié trinh tdng hop phuc giira ligand BECT véi Cu2*/Zn?* nhu Hinh 2.16.

NH2 N

Br H

X N NH

O3 "7 2o Wj

S =

PH, KNO3 O O ) Br
IL Dung méi, T,°C —N

BECT

Hinh 2.17. So d6 téng hop phitc chat Cu(ll)-BECT va Zn(I1)-BECT

2.7. XAC PINH HANG SO BEN CUA PHUC CHAT
2.7.1. Khao sat cong thirc phirc

Dé xac dinh hang sé bén can thiét phai khao sat cong thac phac chat. Hai
phuong phap duoc sir dung dé xac dinh céng thic phac trong dung dich gom
phuong phap Job va ty 1& mol. Cac phuong phap nay dua trén phép do quang phd
UV-Vis. Tuy nhién, dé thyc hién dugc cong viéc nay can tién hanh danh gia kha
ning tao phic cua cac ligand va cac ion kim loai. Bdng thoi, can xac dinh cac didu
kién t6i wu khi tao phtc chat. Qua trinh thuc hién dugc tién hanh theo so d6 trén
Hinh 2.19.

2.7.2. Xac dinh hing s6 bén

Dé xac dinh hang sb bén cua phic chat, ¢d thé tao ra mot ma tran dit liéu phd
UV-Vis ba chiéu dudi dinh dang “mdf”. Chi s6 mdi chiéu c6 thé Ia pH, nhiét do,
nong do, budc séng, thoi gian... va chiéu nao ang voi chi s nao la khéng quan
trong. Trong nghién ciu ndy, ma tran dit liéu dau vao duoc trinh bay trén Bang 2.4.

Bang 2.4. Di liéu dau vao cua hé phé UV-Vis

Chiéu | Thamsb

1 Budc song A
2 Gia tri pH

Thay d6i nong d6 ion kim loai va ¢ dinh nong dé ligand hoic
nguoc lai.
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Hang sb bén cua phuc duoc xac dinh tir két qua do hé phd UV-Vis thuc hién
trén phan mém Datan 3.1 [37].

Khao sat tham do

Y

Y

Amax pH Lycion Nong d¢ ligand Thoi gian bén

Y

biéu kién to1 vu

> Job

Y

Khao sat cong thirc phuc —

Datan 3.1

y

Ty 1€ mol

Y

Xac dinh hang s6 bén

Hinh 2.18. So do khdo sat xdac dinh cong thizc va hang sé bén cua phire
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CHUONG 3. KET QUA VA THAO LUAN

3.1. XAY DUNG MO HINH QSPR

3.1.1. Tinh toan sang loc dir liéu
3.1.1.1. Dit liéu thwe nghiém ban dau
Lwa chon dit liéu thuc nghiém 1a budc dau tién trong nghién cu QSPR. Trong
luan an nay, chiang t6i da thu thap, xir ly sang loc so b hai loai phic ML va ML s
dung trong nghién cau. Két qua dat duoc nhu sau:
— Ligand: 54 dan xuat thiosemicarbazone (Bang p4.1; Phu luc 4);
—  Nhom phiic ML: 292 gia tri hang s6 bén logpi ciia phiic ML ¢ cac diéu
kién thuc nghiém khac nhau: nhiét do, pH, luc ion (Bang p4.2; Phu luc 4).
—  Nh6ém phac ML2: 135 gia tri hang s6 bén logBi2 cua phic MLz & cac diéu
kién thuc nghiém khac nhau: nhiét do, pH, luc ion (Bang p4.3; Phu luc 4).
3.1.1.2. Téi wu hoéa ciu tric
Tbi uu héa co hoc phan tir sir dung trudng luc MM+ danh cho céc hop chét co
ngudn gbc hitu co duoc tinh toan trong Hyperchem 8.0.6 [143]. Pau tién, chon phan
tir ¢O cau tric cong kénh nhat dé tdi vu hoa bang co hoc phan tir va lua chon giai

thuat phi hop. Hai phic ML va MLz dugc lua chon dé tinh toan nhu Hinh 3.1 sau:

NH, H\N
H /N_ 7N/N:§ S/O
Z\
.

Hinh 3.1. Ly:a chon phitc véi ligand twong img dé tim gidi thugt

Két qua tinh toan phac ML va ML trong Bang 3.1 va 3.2 cho thdy su phu
thudc ning lwgng phan ti theo thuat toan. Tat ca cac thuét toan déu cho ning luong
thap nhat va on dinh & mic gradient 0,05. Tuy nhién, giai thuat Polak-Ribiere cho
thoi gian tinh toan nhanh hon. Biéu nay phu hop véi mét sé ¢ong trinh nghién ctu

[90], [149]. Tuy nhién, két qua cac cong trinh nay chon mic gradient 0,01; diéu
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nay khong can thiét vi khong co su khéc biét dang ké nao giira hai muc gradient
nay nhung thoi gian tinh todn chénh léch dang ké va khdng tét cho viéc tinh toan
trén nhiéu hop chét. Lya chon gié tri nang luong dé xac dinh mirc gradient d can
thiét & céc giai thuat nham tim ra giai thuat pht hop nhat cho qué trinh tdi wu héa
theo phuong phap MM. Nhu vay, ching toi st dung thuat toan Polak-Ribiere voi
muc gradient 0,05 dé tinh toan cho toan b cac phan tir con lai ké ca cac phan tir
thiét ké moi.

Bang 3.1. Két qud tinh toan tim kiém gidi thudt cho phizc ML

Gradient/Nang lwgng (kcal/mol)
Giai thuat
10 5,0 1,0 0,5 0,1 0,05 0,01
Steepest Descent 219,025 | 218,161 | 195,714 | 191,926 | 189,655 | 188,879 | 188,237
Fleetcher - Reesves | 223,606 | 198,022 | 190,731 | 188,256 | 188,237 | 188,235 | 188,234
Polak - Ribiere 223,626 | 197,995 | 190,703 | 188,272 | 188,240 | 188,235 | 188,234
Block-diagonal
224,352 | 208,999 | 190,865 | 189,237 | 188,325 | 188,262 | 188,235
Newton-Raphson
Bang 3.2. Két qud tinh toan tim kiém gidi thudt cho phizc ML
Gradient/Nang lwgng (kcal/mol)
Giai thuat
10 5,0 1,0 0,5 0,1 0,05 0,01
Steepest Descent 226,823 | 204,191 | 141,881 | 122,917 | 108,130 | 86,064 | 83,813
Fleetcher - Reesves | 182,139 | 154,476 | 92,419 | 90,598 | 83,961 | 83,793 | 83,745
Polak - Ribiere 217,767 | 166,378 | 93,867 | 87,910 | 83,884 | 83,878 | 83,833
Block-diagonal
178,916 | 171,291 | 92,124 | 87,707 | 84,434 | 83,255 | 83,215
Newton-Raphson

Sau khi t6i wu hoa bang co hoc phan tir, cau tric phac ML va ML, tiép tuc
duoc tdi wu hoa bing co hoc luong tir theo phwong phap PM7 va PM7/sparkle st
dung MOPAC2016. Két qua cua phép tinh xuat ra ba tap tin dit liéu (*.arc, *.aux,
*.0ut).

Cac tham sb luong tir nhu dién tich cua cac nguyén tir trong khung ciu tric
cua thiosemicarbazone (XN, 2C, 3N, “N, °C, 5S, 'Me, ''N, ?’C,*N, ¥N, ¥C, ¢'S), nhiét
tao thanh AHs (kcal/mol), ning luong téng (eV), ning luong electron, (€V), ning
lrong tuong tac core-core (€V), moment ludng cuc (Debye), nang lugng ion hoa
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(eV), khéi lwong phan tir, dién tich Cosmo (A)?, thé tich Cosmo (A)3, HOMO (eV),
LUMO (eV) s& duoc lay tir cac tap tin dir liéu ndy. Théng tin cau trGc nam trong
doan dir liéu tap tin *.arc, do d6 can chép doan ma nay va xem cau tric thyc cua
ching qua cac cong cu Hyperchem 8.0.8 va Avogadro V1.2.0. Mot sé ciu tric sau
khi t6i wu héa co hoc phan tir s& bi loai bo vi cau trlc bi thay d6i so véi ban dau
(Hinh 3.2) [78], [133].

0 pev

A S
N o

I

.
- N — N
o o—

NH,
N:( N—
_/ _/
N s
\Nd/
s N

N s
Nd,
g —
- \_]
HoN

@ I (b) ‘4

Hinh 3.2. Mét vai cdu tric truedc va sau khi téi wu héa bi logi bé

(@) Cdu triic trieéc khi toi wu héa; (b) Cdu tric sau khi toi wu héa

Sau d6, tao tap tin ciu tric dé qua budc tiép theo, d6 1a tinh toan tham sé mo
ta phan ti trén hé théng QSARIS V1.1.
3.1.1.3. Sang lgc dir liéu

Sau khi tinh toan bo ma ta cau trdc phan tir, mot s6 mo ta tir két qua nay sé bi
loai bo do két qua gidng nhau. Sau d6, két hop vai cac tham sb luong ti tir tinh toan
co hoc lugng tir va tham sé thyc nghiém thu thap duoc, két qua thu dugc mot bo dir
licu day du cac bo mo ta twong tng véi cac gia tri hang s6 bén cua céc phic chat.

Str dung hai giai thuat k-means va AHC dé phan chia cac nhom di liéu, két

qua thu duoc 9 nhom dir ligu phice ML va 2 nhom dix ligu phuac ML (Bang 3.3).

Bang 3.3. Két qud phan chia dir liéu nghién citu

Nhém phirc Dir liéu ban dau S6 nhém Phu luc
ML 292 gia tri logPi1 9 nhém 5
ML 135 gia tri logPi12 2 nhém 6
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3.1.2. M6 hinh QSPR va danh gia m6 hinh
3.1.2.1. M hinh QSPR ciia phirc chat ML
a. M6 hinh QSPR nhém dik liéu 1

Trong nghién ctru ndy, ba moé hinh di dwgc xay dung bang cac phuong phap
MLR, SVR va ANN c6 két hop giai thuat di truyén (GA) bao gém QSPRca-MLR,
QSPRga-svr Va QSPRcA-ANN.

M6 hinh nay st dung tat ca tap dit liéu cua 108 phic ML thu thap duoc qua cac
cong trinh nghién ciru da duoc cong bd sau khi da tinh toan sang loc dit liéu nhu m
ta & phan 2.3.1 va theo so d6 Hinh 2.3. Bé sang loc dit liéu, ching tdi sir dung kiém
dinh Grubb dé loai bo céc gia tri ngoai bién va danh gia su phan b cua cac di liéu.
Két qua cho thay rang gi4 tri thong ké kiém dinh Grubb 12 2,5931, gi4 tri giGi han Ia
3,3807 & muc do tin cay 95% va khong cé gié tri ngoai bién déang ké. Nhu vay, cac

phtic duoc giit lai 12 thoa dang cho phép thir Grubb va phan phdi chuan (Hinh 3.3).

ke loadh

s T UG BiNA

= = =Gid hgn dedt & moe D03
— = =Giai han trén 0 mare (.05

o 2 € =
3 3

=

So6 luong mau

8) log/f,, b) S6 phire cht

Hinh 3.3. @) Sw phan be cua tdp diz liéu b) Kiém dinh Grubb siz dung dé kiém tra

cdc diém ngogi |é cia cac phirc & mirc tin cdy 95%.

Tap dit liéu chia thanh tap luyén gdom 44 phuc, tap danh gia 26 phuc va tap kiém
tra b6 sung gom 30 phtic. Str dung phuong phap phan cum k-means dé phan viing ngau
nhién trong khdng gian mo ta. Ngoai ra, nhdm cudi cting gém 8 phiic chat duoc chon
dé kiém tra du doan véi cac phurc chat thiét ké mai (Bang p5.1; Phu luc 5).

Trong nhiéu nghién ctu hién tai lién quan dén viéc xay dung cac mé hinh
QSPR, mot trong nhirng khé khan 16n nhét 12 b mo ta dugc chon c6 dong gop dang
ké cho cac hang s bén. Trong nghién ctru nay, ching toi da két hop sir dung giai
thuat di truyén (GA) véi cac ky thuat hoi quy da bién dé lua chon bién cho mé hinh.
Giai thuat GA duoc uu tién chon cac bd md ta dong gdp quan trong nhat dé giam
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dang ké s6 lugng bo mo ta trong tat ca 230 bo md ta dic trung cho phan tir dugc sir
dung nghién ctru trong luan an va tich hgp trong cong cu QSARIS 1.1. Cac mo ta
phan tir c6 ¥ nghia quan trong nhat duoc chon dé xay dung cac md hinh QSPR.

Céac md hinh QSPRea-mLr duoc xay dung bang cach thay d6i s6 luong mo ta k.
Vi viéc x6a cac md ta voi hé sb Pearson trén 0,75, ching toi gitr lai 10 mo ta quan
trong nhat. Do d6, cic mo ta duoc giam hon 95,6% cua toan bo mé ta trong budc
lya chon. Tuy nhién, & budc cudi cung, véi ky thuat hdi quy tuyén tinh da bién duoc
sir dung dé loai bo cac mo ta tiép theo c6 anh hudong khong dang ké dén kha ning
du doan cua md hinh QSPR. Vi vay, md hinh QSPRea-mLr V6i 7 bién 1a pha hop

nhat (Bang 3.4) dé phat trién cac md hinh QSPR khéc nhau.

Bang 3.4. Cac tham s thang ké va mo ta ciia md hinh QSPRea-MLR

k Bién mo ta R? RZadj MSE Q?

1 Surface 0,2613 | 0,2392 | 9,6691 | 0,1434
2 LogP/Surface 0,4453 0,4126 5,6754 0,2607
3 LogP/Ovality/Surface 0,4092 0,3534 6,7765 0,2295
4 LogP/SaasC/Ovality/Surface 0,5676 | 0,5125 | 6,3662 | 0,4616
5 LogP/SaasC/Ovality/Surface/nelem 0,7157 | 0,6677 | 3,9873 | 0,5883
6 xp5/SaasC/ABSQ/Ovality/Surface/nrings 0,7188 0,6597 3,690° 0,6293
7 xp3/xp5/SaasC/Ovality/Surface/nelem/nrings 0,9145 0,8932 1,2899 0,8652
8 xXp3/xp5/SaasC/ABSQ/Ovality/Surface/nelem/nrings 0,9065 0,878 1,3013 0,8373
9 xp3/xp5/xvch8/SaasC/ABSQ/Ovality/Surface/nelem/nrings 0,9494 0,931 | 0,8702 | 0,8994
10 LogP/xp3/xp5/xvch8/SaasC/ABSQ/Ovality/Surface/nelem/nrings 0,9583 0,941 | 0,6714 | 0,8922

Dua trén két qua trong Bang 3.4, cac md hinh QSPRea-mLr dugc gidm sat kha
nang phu hop véi danh gia chéo khi sé lugng md ta k thay doi tir 1 dén 10 voi cac
gia tri thong ké R2, R%gj va Q2 ting dan va gia tri MSE giam dan.Trén co so do, md
hinh quan trong nhat 13 mé hinh véi 7 md ta gém xp3, xp5, SaasC, Ovality, Surface,
nelem va nrings. M6 hinh QSPRga-mLr €O dang:

logP11 = 46,433 + 5,321xxp3 — 9,971xxp5 + 2,963xSaasC — 32,075xOvality +
+ 0,0707xSurface - 4,4522xnelem + + 7,2474xnrings  (3.1)
R? = 0,9145; R%j= 0,8932; Q%00 = 0,8650; MSE = 1,2899

Do cac gia tri P-value nho hon mirc dang ké 0,05 (cao nhét trén cac mo ta la
0,0000) nén cac gia tri nay giai thich mdi quan hé c6 ¥ nghia thong ké cua cac mo ta
va do d6 khong loai bo bat ky md ta nao khoi mé hinh QSPReamLr. Gid tri R2 =
0,9145 chi ra rang md hinh (3.1) véi k = 7 giai thich 91,45% bién cho gi4 tri logfu;
RZ%g = 0,8932, phi hop hon dé so sanh cac mé hinh véi sé lwong du doan khac
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nhau, 12 89,32% va MSE = 1,2899. C4c gi4 tri thong ké cua bay mé ta dugc sang loc
thé hién d6 tin cay dang ké & mirc 95%.

Bén canh d6, cic gia tri phan trim trung binh déng gép (APCmnxi,%) cua 10
mo ta duoc chon do tap huan st dung md hinh QSPRea-mLr V6i k = 10 duoc sap xép
giam dan (tr 33,51% dén 0,96%) theo ty & dong gbp nhu xp5 > Ovality > xp3 >

nrings > surface > nelem > SaasC > ABSQ > logP > xvch8 nhu trong Hinh 3.4.

' ' Nho nhit
1) - . l T'rung hinh
. . Lém nhilt
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Tham s6 mo ta

Hinh 3.4. Mizc déng gop mé hinh QSPRea-mLr V6i K = 10 va 44 t6 hop huan luyén.

Nhu vay phan dong goép ciia ABSQ (2,38%), xvch8 (1,55%) va logP (0,25%)
thé hién sy dong gop khong dang ké logpa, vi vay nhiing dai luong nay khong duoc
vu tién cho mé hinh QSPRea-mir (3.1). Thong tin nay rat hiru ich dé sir dung du
doan thiét ké phirc chat mai. Cac md ta xp5, Ovality, xp3 va nrings duoc sir dung
cho thiét ké thudc thir méi do chdng thé hién su dong gop dang ké nhit vao hang sb
bén logPis.

Céac bo mo ta 2D nhu xp5, xp3 va nrings, va bo mo ta 3D Ovality la cac b mé
ta quan trong nhat, vi vay ching ti nhan thay rang cac hang s bén logfi: cua céc
phtrc phu thudc cha yéu vao chi s chi don gian thi 5 va thi 3 trong phan tir duoc
tinh bai cong thic R = 1p - (nvx - 1) va s6 luong vong trong nhu mé ta 3D duoc
tinh boi cong thic Surface/4nR2. Ching t6i ¢ thé dua vao cac md ta nay dé thu
thap cac phdi tir thich hop hoic thiét ké céc phdi tir méi dé tao ra cac phac 6n dinh
hon véi cac ion kim loai. Vi vay, ching t6i dinh hudng sy phat trién cua cac phdi tir
méi theo hudng dong gop 16n nhat cua cadc md ta xp5, xp3, nrings va ovality. Mdi
quan hé giira hang s6 bén logfi1 so véi cac phizc ML va APCmnxi,% ciia Cac md ta
Xp5, Xp3, nrings va Ovality, nhu dugc mo ta trong Hinh 3.5.
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Hinh 3.5. Mdi quan hé giira cac hang sé bén logpui phirc ML va déng gép

APCmnxi,% cua cac mo ta: a) xp5; b) xp3; ¢) nrings va d) ovality

Chung t6i cling nhan thay rang hau hét cac phuc Fe(lI1)L, Cu(I)L, Ni(I)L,
Ag(1)L va Co(Il)L ¢6 hing sé bén 16n. Do d6, c6 thé sir dung cac dic diém nay dé
phét trién cau tric thiosemicarbazone méi dé tao ra cac phac 6n dinh hon. Trén co
s& d6, chung ciing c6 thé duoc str dung dé xac dinh céc ion kim loai Ni%*, Cu?",

Fe3*, Ag* va Co?* trong cAc mau moi trudng bang phuong phap quang phd UV-Vis.
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Hinh 3.6. So do dwong vién dé tim kiém céc tham sé 5 cdp Gamma, va capacity, C;
a) VUng toi wu cia cac gia tri RMSEcy; b) VUng tdi wu ciia cac gia tri R2,
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Trén két qua cuia md hinh QSPRea-mLr (3.1), phuong phap hoi quy SVR ciing
duoc stir dung dé tao ra md hinh c6 kha ning du doan cao hon. Cac du doan xp5,
Ovality, xp3, nrings, Surface, nelem va SaasC duoc sir dung lam bién dau vao trong
xay dung md hinh QSPRea-svr. Do dit liéu phi tuyén nén ching toi da khao sat mo
hinh véi ham co s& xuyén tam (RBF). Cac gia tri Capacity (C), Gamma (y), epsilon
() duoc tim Kiém theo phuong phéap tim kiém ludi. Mot bé mit sai s6 duoc tdi wu
hoa bang ky thuat nhiéu 16p st dung céc giai thuat di truyén. Vang cuc tiéu caa cac
gia tri cin bac hai sai s6 (RMSEcyv) va ving cuc dai cua céc gia tri R? dugc kéo dai

boi cac tham s ¢ 5 muc Capacity (C) va Gamma (y) (Hinh 3.6).
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Hinh 3.7. Mdi twrong quan giira c&c hang sé bén logBu thirc nghiém va tinh toan
cua Cac phuc trén tap dir ligu luyén va danh gia; a) QSPRea-MLR; b) QSPRGA-svRr; €)
QSPRga-ann; d) Gia tri MSE cho cac phurc tir cac moé hinh QSPR

Céc tham s t6i wu dat dugc C = 1,0; v = 1,0 va & = 0,1 véi s6 luong véc to hd
trg bang 27 duoc chon trong viing tdi wu. Cac gia tri ndy mang trong sb twong ddi
quan trong cua sai s6 hoi quy véi R? = 0,9269 va RMSEcy = 2,0942. Ving tbi uu
xac dinh cac tham s quan trong nhat (Hinh 3.6), gia tri Q2 = 0,6414 ( > 0,6). Vi
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vay, md hinh QSPRca-svr Ny c6 thé du doan tét. Gid tri logpis cua cac phire dugc
danh gia ngoai va danh gia bo sung trén hai tap di liéu ndy cd thé duoc sir dung uéc
lwong md hinh QSPRea-svr (Bang p5.1; Phu luc 5). Méi twong quan cua cac két qua
tinh toan thu duoc tir md hinh QSPRsa-svr SO VGi cac két qua tir dir lieu thyc
nghiém thé hién trong cac gia tri R? (Hinh 3.7). Cac hang sé bén tinh toan trong
phép do thir nghiém véi do tin cay 95%. Sy khac biét giira cac hiang sé bén thuc
nghiém va tinh toan cua cac phic 1a chap nhan dugc.

Pé tiép tuc phat trién md hinh QSPR c6 thé du doan tét hing sé bén logPis cua
cac phirc chat, md hinh mang than kinh QSPRga-ann I(k)-HL(m)-O(1) duoc st dung
V6i cac noron cua I6p dau vao 1a xp3, xp5, SaasC, Ovality, surface, nelem va
nrings. Pay 1a cac mo ta tir md hinh QSPRea-mLr (1). Céc noron 16p an duoc coi la
thay doi tir 3 dén 5 theo quy tic 0,5x (k—1)<m<0,5x(k+1). Noron dau ra la hang sé
bén logPi1. Mdi noron trén bat ky I6p nao duoc két néi ddy du véi cac noron cua
16p tiép theo. Dit liéu dau vao va dau ra cua mang ANN duoc chuan hoéa tir 0 dén 1.
Tbc d6 hoc duoc dat tir 1 va giam trong qué trinh luyén. M6 hinh QSPRea-ann dugc
chon véi kién triic mang 1(7)-HL(5)-O(1) 1a ph hop.

Bang 3.5. C4c gia tri thang ké ciza cac md hinh QSPR

QSPR Tap dir liéu R R? Q? MSE MARE, %
Luyén 0,9565 | 0,9148 0,8650 1,2898 10,7076
banh gia 0,8466 0,7168 2,4906 19,0119

QSPReA-MLR -
Kiém tra 0,8921 0,7958 4,4894 13,7829
Dy doan 0,3556 0,1264 | 28,2505 63,1614
Luyén 0,9628 | 0,9269 0,6414 0,9559 11,4975
banh gia 0,9572 0,9162 0,7730 11,7517

QSPRgA-svr -
Kiém tra 0,9853 0,9708 1,0357 8,4924
Du doan 0,9873 0,9747 0,7547 11,0850
Luyén 0,9907 | 0,9815 0,9317 0,2209 4,9796
banh gia 0,9833 0,9669 0,2742 5,9019

QSPRGA-ANN -
Kiém tra 0,9884 0,9769 0,5520 4,3756
Du doan 0,9819 0,1468 3,5159

Mbi tuong quan giita cac hang sé bén thuc nghiém va dy béo do cac mé hinh
thé hién kha ning dy doan ctia cac md hinh QSPR voi thdng ké cao R? va Q? (Hinh
3.7). Két qua tinh toan phl hop tét vai dit liéu thuc nghiém, mic du, cac phuc trong
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tap danh gia ngoai khong dugc sir dung cho qua trinh xay dung mé hinh QSPR nay.
Ba m6 hinh QSPR dugc xay dung thé hién kha ning di doan véi céc sai s6 MSE va
MARE (%) khong dang ké. Do d6, cac md hinh QSPR nay cho thdy kha ning tng
dung dé du doan cac hang sé bén logBi1. M hinh QSPRca-ann €6 kha ning du doan
t6t nhat. Nguoc lai, md hinh QSPRea-mLr thé hién kha ning du doan kém nhat vai
c4c gié tri sai s6 16n nhat. Sy khéc biét nay duogc giai thich qua cac gia tri & Bang

3.5 bang céch so sanh giira cac mo hinh QSPR.
b. M6 hinh QSPR nhém dir li¢u 2

Trong nghién ctru nay, hai mo6 hinh QSPR da duoc xay dyng dua trén phuong
phép OLR (mét cach dung tir khdc cua phuong phap MLR) va ANN.

Tap luyén gom 69 phtc chit nhan duoc tir sy phan chia dix liéu qua hai
phuong phap k-means va AHC tir tap dir lidu Ion ban dau thu thap duoc tir thuc
nghiém va tap dit liéu ngoai doc 1ap géom 9 phirc chat duoc sir dung dé danh gia
ngoai (Bang p5.2a va p5.2b; Phu luc 5). Két qua md hinh va cac gia tri thong ké
dugc trinh bay trong Bang 3.6. Trong cac mdé hinh dugc khao sat, mé hinh
QSPRoLr V6i k = 6 ¢6 gia tri Q%Loo tot nhat mic du thay ddi khi k ting. Do d6, mo
hinh QSPRoLr nay 14 két hop tt nhat trong tat ca cac mo hinh.

Chét luong caa md hinh QSPRoLr nhan RZrain = 0,8982; SE = 1,1368; Ftat =
91,3448 va Q% 0o = 0,8462 (Bang 3.6). Phuong trinh hoi quy tuyén tinh QSPRoLr:

logfi1 = 66,01 —5,861%xx1 + 0,00137%x2 + 7,246%X3 —
— 39,35%x4 — 1,745xxXs + 2,07%Xs (3.2)

Str dung dai luong ty 1¢ phan traim déng goép trung binh (MPXx,) va gia tri
trung binh cia MPxki (GMPx;) caa ting bién doc lap trong cac md hinh QSPR duoc
chon dé danh gia su dong gop cua céc bién. Sy dong gop quan trong cua cac mo ta
phan tir trong mdi phirc duoc sip xép theo thu tu: kO > xp5 > core-core repulsion >
xch5 > valence > SHHBd.

Két qua cho thay tham sé kO (x1, gia tri GMPx: = 55,5680) anh huong 16n nhat
dén hang s6 bén. Tham sb kO duoc goi 1a chi s6 Kappa zero, tac 1a chi sb théng tin
Shannon dua trén céac 16p nguyén ta. Tiép theo, tham sé xp5 duogc goi la chi s6 Chi
thir 5 don gian (xs, voi gia tri GMPxs = 14,6137). Tham sb cudi cing anh hudéng
manh dén hing sb bén 1a core-core repulsion (xz, véi gia tri GMPxz = 10,7750).

Nhu vay, tap dit liéu luyén 12 tét va viéc &p dung md hinh QSPRovr rét co y

nghia thong ké. K¥ thuat danh gia chéo cho thdy md hinh QSPRovr €6 thé dugc sir
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dung dé du doan cac gia tri logfi1. Céc gid tri thong ké di duoc sir dung dé kiém tra

¥ nghia cua cac hé s6 trong cac md hinh QSPRoLr (Bang 3.6).

Bang 3.6. M6 hinh QSPRotr (k tir 2 dén 10) va cac gia tri thong ké

k Bién mo ta SE R2irain R2adj Q?Loo Fstat

2 X1/X2 2,1363 0,6175 | 0,6061 | 0,5501 53,2341
3 X1/XolX3 1,6494 0,7754 | 0,7654 | 0,7057 74,7898
4 X1/XolX3/Xa 1,5047 0,8167 | 0,8063 | 0,7553 71,0125
5 X1/Xol X3/ Xal X5 1,3472 0,8558 | 0,8432 | 0,7999 74,1738
6 X1/X2l X3l XalXs5/Xs 1,1368 0,8982 0,8894 0,8462 91,3484
7 X1/ X2l X3l XalXs/Xe/ X7 1,0247 0,9195 0,9096 0,7864 98,4622
8 X1/XolXalXal X5/ Xe/X7/Xs 0,9256 0,9353 | 0,9269 | 0,8293 | 107,3739
9 X1/ XolXa/Xal X5/ X6/ X7/ X/ Xo 0,8715 0,9433 | 0,9347 | 0,8502 | 108,6592
10 X1/Xal X3l Xal Xs/Xe/ X7/ X8l Xo/ X10 0,8021 0,9532 0,9445 0,8622 | 116,5881

Ky hi¢u bién mo ta

kO X1 SHHBd X6
core-core repulsion X2 Xp4 X7

Xp5 X3 HOMO X8

xchb X4 LUMO X9
valence Xs xvc3 X10

Ngoai mé hinh QSPRoLr, m6 hinh QSPRann ciing duoc phat trién véi ki thuat

mang than kinh dya trén cac md ta phan tir cia mé hinh QSPRoLr. Kién tric cua

mang noron dugc tim thay gom ba 16p 1a 1(6)-HL(6)-O(1); 16p dau vao 1(6) bao

gom 6 noron kO, core-core repulsion, xp5, xch5, valence va SHHBd; I6p dau ra

O(1) bao gém 1 noron logPis; 16p 4n gém 6 noron. Giai thuat lan truyén nguoc

duoc sir dung dé luyén mang. Ham truyén hyperbolic sigmoid tangent duoc dit trén

mdi nut caa cac 16p; cac tham s mang luyén bao gém toc do hoc ,01; quan tinh

luyén 0,1 va téng sai s6 0,000016 véi 1.000.000 vong. Két qua dugc dua ra trong

Bang 3.7.
Bang 3.7. Két qud luyén mang QSPRann | (6)-HL(6)-O(1)
Tap —d&r| g 6 ndi quy Po dbc Gia tri chin
li¢u
Tap luyén 0,9768 0,9770 0,0025
bénh gia 0,8687 1,4432 -0,1397
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Dua trén két qua nhan duoc (Bang p5.2b; Phu luc 5), mé hinh QSPRann 1(6)-
HL(6)-O(1) phu hop va twong quan tt hon giita cac gia tri du doan va gi tri thuc
nghiém so véi mé hinh QSPRoLr V6i Q2 lan luot 14 0,8734 va 0,7440.

Kha nang du doan cia moé hinh QSPRorr Va QSPRann da dugce danh gia ngoal
can than bang ky thuat loai bo dan timg treang hop. Céc két qua du doan nhan duoc
9 chat véi cac gia tri thuc nghiém twong ¢ng trong bang p5.2b; phu luc 5.

Str dung phuong phap ANOVA mot yéu té dé danh gia hai md hinh, két qua
cling cho thay ring khong co su khéc biét gitra cac gia tri logBu thuc nghiém va dy
doan tir hai mo hinh (F = 0,1728 < Fo,05 = 3,4028). Do d0, kha nang du doan cua ca
hai md hinh QSPR phu hop tét véi dit liéu tha nghiém. Gia tri MARE (%) cua hai
md hinh QSPRoLr VA QSPRann lan luot 14 30,29% va 23,42% cho thay kha ning du
doan ctia QSPRann cao hon mé hinh QSPRoir VA két qua logPir tir md hinh

QSPRann gan hon véi c4c gid tri thuc nghiém.
C. M6 hinh QSPR nhém dir liéu 3

Trong md hinh nay, cac phuong phap sir dung dé xay dyng mé hinh nhu
MLR, PCR va PLSR. Qua trinh xay dung va danh gia cac moé hinh QSPR tur tap dir
liéu miu gébm 62 quan sat va nhom danh gia ngoai gdm 10 hop chat khéng thudce
nhom luyén (bang p5.3a va p5.3b; phu luc 5). Cac bién sé doc 1ap duoc chon dua
vao mo hinh dua vao hé sb tuong quan ndi va sy thay ddi cua cac gia tri théng ké
MSE, RZain, R%v, Fstat khi st dung k¥ thuat LOO hodc nhdp dan bién sé vao mod
hinh. Két qua duoc dan ra & Bang 3.8.

Céc bién sb chon Iya dua vao cac md hinh QSPRwmir (Bang 3.8) di cho thiy
cac gia tri R2rain, Q%est VA Fstat thay ddi va ting theo sb bién k. Khi cac gia k tang tir
9 dén 11 thi cac gia tri théng ké twong Gng ting thém khong dang ké va con ¢ xu
huéng giam xudng nhur gid tri Fsae. Nhu vay, chon s6 bién k = 9 1a phu hop cho xu
huéng thay d6i t6i wu nay. Cac bién sb tir x1 dén xe duoc kiém tra mdi twong quan
ndi gitra hai hay nhiéu bién dya vao ma tran hé sb tuong quan Pearson, xac dinh
mdi twong quan c6 ¥ nghia dbi voi logfi. Ma tran twong quan di dugce tinh toan va
dua trén két qua hé sd tuong quan ciia cac bién doc 1ap va phu thudc cho thiy cac
bién dugc chon vao mo hinh QSPRmLr v6i k = 9 1a phu hop va chp nhan vé mit

thong ké twong quan va kiém dinh student (t-test) dic trung cho céac bién sd.
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Bang 3.8. Cac mo hinh QSPRuwr (k = 4-11) va cac gia trj thong ké

S6 bién k Bién s6 trong mé hinh QSPRwmLR MSE R2rain R2ag R2cv Fstat
4 X1/X2/X3/X4 1,6103 | 0,6392 | 0,6136 | 0,5573 | 25,1928
5 X1/X2/X3/XalXs5 15492 | 0,6727 | 0,6423 | 0,5522 | 22,8981
6 X1/Xo/XalXalXs/Xe 1,3411 | 0,7583 | 0,7328 | 0,6367 | 28,7568
7 X1/XolXalXalXs/Xe/ X7 1,1967 | 0,8114 | 0,7873 | 0,6963 | 33,1253
8 X1/XolXalXalXs/Xe/X7/Xg 1,1474 | 0,8293 | 0,8044 | 0,7152 | 32,2235
9 X1/Xa/XalXalXs/Xe/X7/X8/X9 0,8525 | 0,9087 | 0,8922 | 0,8504 | 56,8949
10 X1/Xa/X3lXalXs/Xe/X7/X8/Xa/X10 0,8368 | 0,9133 | 0,8963 | 0,8553 | 53,4399
11 Xa/XalXalXalXs/Xe/X7/XslXalX10/X11 0,8393 | 0,9146 | 0,8958 | 0,8531 | 48,2420

Ky hi¢u cic bién s6

Ning luong tong X1 logP X5 Nang lugng electron Xg

Knotp X2 Dién tich Me’ Xs | Dién tich Cosmo X10

Thé tich Cosmo X3 AHs X7 Thé ion hoa X11

pH X4 LUMO X8

M6 hinh QSPRwmLr véi sb bién k = 9 dugc xdy dung lai va nhan duogc cac hé sb
tuong ing cing cac gia tri thong ké mé hinh QSPRmir nhu sau:
logP11 = 8,402 + 0,0195%x1 + 13,690%x2 — 0,066xX3 + 0,885%x4 + 3,871xXs —
— 3,184x%xs - 0,050%x7 + 2,961%xg — 0,005xX9 (3.3)
N = 62; R%in = 0,9087; R%cv = 0,8504; MSE = 0,8525

Nhu vay, tap dir liéu dung dé xdy dung mé hinh QSPRmir dat yéu ciu vé
thong ké va c6 kha ning dy doan tét. Cac tham s lya chon trong mé hinh khéng c6
su trong quan ndo gitra cac bién di chon. Dit liéu xay dung mo hinh nay s& duogc sir
dung dé xdy dung cac mo hinh QSPRpcr VA QSPRpLs.

Str dung ma tran dit liéu voi s6 bién doc 1ap k = 9 va bién phu thudc logpas,
thuc hién xay dung mo hinh QSPRecr. Két qua phan tich PCA cho thay 9 thanh
phan chinh c¢6 y nghia théng ké. M6 hinh QSPRpcr dugc biéu dién nhu phuong
trinh (3.4):

logBi1 = 6,209 + 0,0214xx; + 13,513xx2 — 0,065%x3 + 0,786%X4 + 3,867%X5—
— 3,100%x5 — 0,052%x7+ 3,307%xg — 0,006%xg (3.4)

N = 62; R2ain = 0,9144; R%y = 0,9483; MSE = 0,8272
M6 hinh QSPRpLs x4y dung dia trén ma tran dit liéu véi 9 bién doc lap. Chat

luong mé hinh duoc dénh gia qua cac chi s6 thong ké nhu Q%um = 0,1473; R%veum =
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0,8582 va R?xcum = 0,9162. Ngoai ra, dai lwgng mitc do quan trong cua cac bién sd
(VIP) anh huong dén logPi1 duoc sit dung dé liwa chon bién trong mé hinh QSPRpLs.
Trén co s¢ d6, mo6 hinh QSPRpLs da nhan dugc nhu phuong trinh (3.5):
logBi1 = 6,102 + 0,023xx1 + 13,467%x2 - 0,062%x3 + 0,802xX4 + 3,884%x5 —
— 2,984xxs — 0,049xX7+ 3,266xXs — 0,006%Xg (3.5)
N = 62; R%in = 0,9083; R%cv = 0,8885; MSE = 0,6618

Trong cdc md hinh QSPR, gid tri R?%pain 12 hé s6 twong quan boi dugc nhan voi
100 cho phuong sai giai thich hang s bén logfi1. Kha ning dy doan cua cac mo hinh
QSPR dugc danh gia bang R%v va Q?est. Gia tri thong ké Fset phan anh ty 1& phuong
sai giai thich bdi mo hinh va phuong sai tir sai sb hdi quy. Gia tri Fswat cao cho thiy
mo hinh ¢6 ¥ nghia vé mit théng ké. Gia tri MSE thap ciing cho thdy mé hinh c6 y
nghia vé mit thong ké. Kha nang du bao cia mé hinh dugc thé hién qua gid tri Qest
danh gia ngoai di v&i nhom hop chat khong thuéc nhom luyén ban dau.

Kha ning dy doan ciia cic mo hinh QSPR déu duoc dénh gia can than bang
k¥ thuat danh gia chéo va danh gia ngoai. Panh gia ngoai cac mo hinh QSPR trén
10 hop chat tir cac két qua nghién ctru thuc nghiém dugc dan ra & Bang p5.3b trong
Phu luc 5. Két qua danh gia gitra ba mo6 hinh QSPRmLr, QSPRpLs Va QSPRpcr dua
vao cac gia tri MARE (%) cho thdy mé hinh QSPRwmir c6 kha ning du doan kém
nhat, sau d6 1a QSPRpLs va cudi cung 13 QSPRpcr Vi céc gia tri 18,32 %, 15,21 %
va 13,06 %. Pong thoi, cac gia tri Q%est cia ba mo hinh 1an luot 1a Q%estmir =
0,8542; Q%estpLs = 0,8972 va Q%estpcr = 0,8842 cho thay két qua du doan logpPis
nhan duoc tir ba mo hinh gan véi thyc nghiém va cic mé hinh nay c6 kha ning ung
dung trong thuc tién.

Su khéc biét gitra cac gia tri logPi1 thuc nghiém va logBi1 du doan tir ba mo
hinh trén dugc dénh gia bang phuong phap ANOVA mdt yéu t6. Sy chénh 1éch gitra
cac gia tri thuc nghiém va tinh toan cic hang sb bén logBi1 & ca ba mod hinh 1a
khong dang ké (F = 0,0655 < Foos = 3,354). Vi viy, c6 thé khang dinh rang kha
nang du bao cua cd ba mo hinh QSPR phu hop voi dit liéu thyc nghiém.

d. M6 hinh QSPR nhom dir li¢u 4
Trong md hinh ndy, cac phwong phap st dung dé xay dung mo hinh gém
MLR, PLSR va ANN. Tap dit liéu xay dung mé hinh bao gdm 67 gi4 tri hiang s6

bén logpur cua phuc giira 19 ion kim loai véi céc thiosemicarbazone khac nhau
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trong dung dich nudc ¢ cac diéu kién khac nhau va tap danh gia ngoai gém 10 gia
tri hang sb bén logpi cua phirc chat doc lap voi tap luyén (Bang p5.4; Phu luc 5).

Tap luyén dugc st dung xay dung cac mé hinh QSPRmLr va danh gia chéo
bang k¥ thuat loai b dan ting truong hop (LOO). Chit lwgng md hinh danh gia
thdng qua cac gia tri cao nhat cua R%uain, R%dj, Q%Loo, Fstat VA gia tri thdp nhat cua
SE. Két qua gia tri thong ké cua cac mé hinh QSPRwmir (k = 1-8) duoc trinh bay
trong Bang 3.9.

Bang 3.9. Két qud xay dirng cac md hinh QSPRwwLr V4i CAc gia tri thong ké

STT | M6 hinh QSPRwmLr
logB11 = 39,6557 — 1,9937%k0

1

n=67; k =1; RMSE = 2,480; R2in = 0,4393; Q%00 = 0,3595 ; Fstat = 50,9325
9 logB11 = 21,3965 — 2,6370%k0 + 0,0027%core-core repulsion

n=67; k = 2; RMSE = 2,0815; R2in = 0,6111; Q% 00 = 0,5409; Fstat = 50,2802
3 logB1: = 19,7831 — 3,3896%k0 + 0,0040%core-core repulsion + 1,0511%Me’

n=67; k = 3; RMSE = 1,7432; R2in = 0,7315; Q%00 = 0,6669; Fsat = 57,2105

logB11 = 4,4253 + 0,2930%k0 + 0,0005%core-core repulsion + 0,2326XMe’ +
4 0,0211cosmo volume. n = 67; k = 4; RMSE = 1,6556; R2in = 0,7617; Q%00 = 0,6622;
Fstae = 49,5335

logB11 = 3,8071 + 0,2829%k0 + 0,0004Xcore-core repulsion + 0,2468XMe’ +
S | 0,0225%cosmo volume + 0,1731Xdipole. n = 67; k = 5; RMSE = 1,3965; R2yin = 0,8332;
Q%00 = 0,7274; Fea = 60,9211

logB11 = 4,9339 + 0,5066Xk0 + 0,0004%core-core repulsion + 0,2539XMe’ +
6 | 0,0207%cosmo volume + 0,1514%dipole + 1,8938%x1. n = 67; k = 6; RMSE = 1,2162;
R2yrain = 0,8755; Q%00 = 0,7828; Fa: = 70,3430

logB11 = -6,3488 — 6,0995xk0 + 0,0046Xcore-core repulsion + 2,0513XMe’ —
7 | 0,2220%cosmo volume + 0,6325Xdipole + 16,3524%Xx1 — 3,8747XLUMO. n = 67; k=7;
RMSE = 0,8490; R2ain = 0,9404; Q% 00 = 0,8714; Fear = 132,8770

logB11 = -17,1635 — 6,1928%k0 + 0,0048%core-core repulsion + 2,0411XMe’ —
0,2342%cosmo volume + 0,5130x%dipole + 18,0747Xx1 — 4,3128XLUMO +
13,1803%xch5. n = 67; k = 8; RMSE = 0,7732; R2ain = 0,9514; Q% 00 = 0,8964; Fstat =
141,8426

Két qua trong Bang 3.9 cho thdy md hinh QSPRwmcr V&i k = 7 12 m6 hinh chat
luong tét vai cac gia tri thong ké cao. Khi k ting 1én 8 két qua mé hinh xay dung
duoc Véi cac gié tri thong ké gan nhu khong c6 sy thay d6i dang ké so vai mo hinh
7 bién sb (k = 7), tuy nhién trong nghién citu QSPR mot md hinh chit lugng c6 sé
lugng mo ta phan tir cang it thi mé hinh cang chat luong nhung ciing can dam bao

c4c tiéu chuan théng ké. Vi vay, md hinh QSPRwmiLr duoc chon véi k = 7 pha hop
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VGi céc tiéu chuan thong ké va cé sé luong bién thich hop nhét. Viéc sé bién ting
dan 1&én cac mo ta phan tir di dwoc lua chon biang cach sir dung k§ thuat chuyén tiép.
Két qua nhan dugc gia tri RMSE va Q2.oo lan luot 13 0,8490 va 0,8714.

St dung 7 bién tir md hinh QSPRmLr dé xay dyng mo hinh QSPRpisr. Chat
luong ciia md hinh QSPRpLsr cling duoc danh gia dua trén cac gia tri thong ké 1a
RZrain, Q%00 V& RMSE. Twong tu, md hinh ndy c6 chat luong tét véi cac gia tri
RZrain VA Q2Loo €a0 nhat va céc gia tri RMSE thap nhat. Ngoai ra, phuong phap phan
tich hdi quy PLSR ciing dugc danh gia bang cac chi s6 thong ké tich lity nhu Q%um,
R2ycum VA R2xeum. Hon nita, cac m6 ta cia md hinh QSPRpLsr duoc danh gid tam
quan trong cua bién (VIP) anh huong dén cac hang s6 bén va cac gia tri do léch. Vi
vay, md hinh QSPReLsr dugc tim thay tét nhat theo phuong trinh (3.6) dudi day:

logBi1 = —1,304 — 5,844xk0 + 0,0046xcore-core repulsion + 1,732xMe’ —

— 0,260%cosmo volume + 0,840xdipole +16,717xx1 — 4,728xLUMO
(3.6)
n=67; k=7; RMSE = 0,6474; R2ain = 0,9540; Q% oo = 0,9015;
Q%um = 0,8132; R%ycum = 0,9542; R?xcum = 0,9993

Két qua cho thay mé hinh QSPReisr V6i 7 md ta da giai thich 95,42% bién thién
cua hang sé bén (Q%vcum = 0,9542) va 99,93% bién trong bay mé ta (Q%xcum = 0,9993).
Kha ning du doan duoc danh gia bang gié tri Q% oo = 0,9015 va QZest = 0,9291 (Bang
p5.4: Phu luc 5). C4c gid tri nay lén hon twrong quan chun 0,6. Gia tri RMSE = 0,6474
|4 rat thap va chi ra ring md hinh QSPReLsr thoa mén vé mit thdng ke.

Tiép dén, mang ANN dugc phét trién dua trén cac bién cia méd hinh MLR.
Mang duoc xay dung theo hai buéc: thim do dé tim cac mang tét nhat trén tap
luyén ban dau va str dung tap danh gia ngoai dé tim mang tét nhat cho danh gia
ngoai. Trén co so do, két qua thim do mang duogc trinh bay trong Bang 3.10.

Nhu vay, kién tric mang tét nhat duoc tim thay 1a 1(7)-HL(10)-O(1) (Bang
3.10) dap ung y nghia thong ké. Qua d6, cac tham sé luyén mang noron niy bao
gom tdc do hoc 1a 0,01; quén tinh luyén bang 0,9; ham hyperbolic sigmoid tangent
va gia tri muc tiéu hoi tu 10°%°. Cac gié tri danh gia duoc chon c6 ¥ nghia thdng ké
cao nhu R?%yain = 0,9903; R?est = 0,9799 va Q% = 0,9812 . Vi vay, kha ning du doan
cua md hinh QSPRann 1(7)-HL(10)-O(1) tét hon hai mé hinh di xay dung trudc do.

Phuong phap ANOVA mot yéu td ciing dugc sir dung dé so sanh cac gia tri
logP11 thuc nghiém véi cac gia tri dy bao tir cac mo hinh. Sy chénh léch gitta chung
1a khong déng ké (F = 0,1092 < Foos = 2,8663). Do d6, tat ca cac két qua du doan tir
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cac md hinh QSPR phu hop tét véi dir liéu thuc nghiém. Bén canh dé, cac gia tri
MARE (%) ciia cac m6 hinh QSPRwmLr, QSPRpLsr V& QSPRann lan luot 12 14,86%,
13,82% va 13,743% (Bang p5.4 cia Phy lyc 5) cho thidy mé hinh QSPRann thé
hién kha niang du doan cao nhét v6i Q?est = 0,9477 va cac gié tri logBia dir doan tir

md hinh nay gan véi cac gia tri thuc nghiém.

Bang 3.10. Két qua khdo sat cac md hinh QSPRann Vdi gid tri thong ké

STT | Mohinh QSPRawn | Rirsin | Rlest | Qlo | oo P Sg:;: ;':
1 [ 1(7)yHL@)-0) 09949 | 09622| 09782| 05093|  0,5863
2 [ 1(7)-HL()-0) 09837 | 09722| 09796| 05069|  0,4556
3 |[I(7)-HL(10)-0(1) | 09903| 09799 | 09811| 04767| 04647
4 [ 17)yHL(D)-0Q) 09945 | 09722| 09906| 03781|  0,3463
5 | 1(7)-HL(5)-0) 09880 | 09774 | 09847 | 03315  0,3344

e. Mo hinh QSPR nhém dir liéu 5

Trong moé hinh ndy, cac phuong phap sir dung dé xay dung md hinh gom
MLR, PCR va ANN. M6 hinh QSPRwmLr dugc xay dung trén tap di lieu gom 74 gia
tri hing sé bén logfa: phirc ML (Bang p5.5a; Phu luc 5). Str dung kiém dinh Student
(t-test) dé so sanh cac gia tri RMSE va R? & mtic do tin cay 95%. Ngoai ra, cac hé sb
danh gia mo6 hinh QSPRwmLR 1 Reain = 0,9719 va danh gia chéo Qoo = 0,9624 (Hinh
3.8).
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Descriptors
a) b)
Hinh 3.8. a) CAc gi4 tri kiém dinh Student t-test dé so sanh céc gia tri R?; b) M4i
twong quan giira Cac gia tri logf thuc nghiém va di dodn nhan két qua tir md hinh
QSPRwLr V&i CAc gid tri R?%wain = 0,9446 va Q2Loo = 0,9262
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Cac bién md ta duogc thay d6i trong pham vi 1 dén 8 va su thay d6i nay dan dén
su thay d6i cac gia tri RMSE, R%ain, Q%.00, RMSEin Va RMSEcy (Bang 3.11). Cac
moé hinh QSPRwmir dugce dénh gia chéo bang phuong phéap loai bo dan timg truong
hop (LOO) qua gia tri thdng ké Q% oo. Trén co s¢ d6, md hinh tét nhat ¢ gia tri R2ain
va Q2Loo cao nhit va gia tri RMSE thap nhit véi s6 k phi hgp. Bén canh do, cac bién
mé ta duoc sang loc so bd bang giai thuat di truyén (GA) (Bang 3.11). Tur Bang 3.11,
md hinh QSPRmLr tét nhat véi k = 7 duoc chon nhu duge in dam:

logBi1 = 53,803 — 7,024%nelem — 0,070%cosmo area + 0,534xxvp —

— 8,185xMaxNeg + 8,065xHmin — 70,721xxch10 + 0,371xSsCH3 (3.7)
Rrain = 0,9446; Q2Loo = 0,9262; p-value < 0,05; F-stat = 160,8173, RMSE = 0,5292

Bang 3.11. Cac md hinh QSPRwwr thu duwoc dua trén ki thugt hoi quy da bién va

giai thudt di truyén. M6 hinh tét nhdt la in dam.

k Bién mo ta R2rain | Q%Loo | RMSEwain | RMSEcv
1 nelem 0,4988 | 0,4704 1,5242 1,5560
2 nelem; cosmoarea 0,7180 | 0,7018 1,1512 1,1676
3 nelem; cosmoarea; xvp3 0,8535 | 0,8007 0,8359 0,9546
4 nelem; cosmoarea; xvp3; Maxneg 0,8853 | 0,8291 0,7448 0,8838
5 nelem; cosmoarea; xvp3; Maxneg; Hmin 0,9017 | 0,8406 0,6947 0,8538
6 nelem; cosmoarea; xvp3; Maxneg; Hmin; xch10 0,9339 | 0,9057 0,5738 0,6564
7 nelem; cosmoarea; xvp3; Maxneg; Hmin; xch10; SsSCH3 0,9446 | 0,9262 0,5292 0,5809
8 | nelem; cosmoarea; xvp3; Maxneg; Hmin; xch10; SsCH3; dipole | 0,9446 | 0,9183 0,5332 0,6110

Bang 3.11 cho thay gi4 tri k ting 1én 8 thi gid tri R%main VA Q%00 khong ting.
Do d6, cac gia tri thong ké thay d6i cu thé cac gia tri RMSExain V& RMSEcy ting 1én
nhung khong dang ké. Do d6, mé hinh tot nhat véi k = 7 dugc chon trong biéu thirc
(3.7). Nghién ctru nay ciing tiép can xay dung mé hinh QSPRecr bang cach st dung
bo dit liéu ndy véi 8 mo ta phan tar cia md hinh QSPRmir (Bang 3.11). Sy thay doi
ctia c4c thanh phan chinh trong mé hinh QSPRecr anh hudng dén cac gia tri RMSE.
Sy gia ting cta cac thanh phan chinh (PC) gay ra su suy giam céc gia tri RMSE cho
qua trinh luyén va danh gia twong tng. Vi vay, md hinh QSPRpcr tot nhat véi 7
thanh phan chinh. dugc chuyén doi thanh mé hinh QSPRecr ctia cac mo ta phan tir
g6c thanh mé hinh bién thyc nhu nhu sau:
logBi1 = 54,718 — 7,011xnelem — 0,0721xcosmo area + 0,544xxvp3 —
— 7,040xMaxNeg + 7,944xHmin — 79,413%xxch10 + 0,352xSsCH3  (3.8)
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RZtrain = 0,9493; Q%cv = 0,9282; MSE = 0,2921; RMSE = 0,5497; Fstat = 134,6176

Két qua nhan duoc cho thdy md hinh QSPRecr (phuong trinh 3.8) ¢ ¥ nghia
thdng ké. Phuong trinh nay c6 phuong sai giai thich duoc 12 94,93% bién cho hang
sb bén. Tam quan trong thong ké caa cac md ta phan tir trong mé hinh QSPR ¢ thé
duoc sir dung theo hudng tim kiém cac phirc chat méi. Do d6, cac két qua md hinh
hoa c6 thé dinh hudng thiét ké cac phéi tir thiosemicarbazone méi dya trén cac mo
ta cdu trac dé c6 dugc hang sé bén logBii cao hon.

Pé phat trién md hinh QSPRann, mang than kinh nhan tao ciing di duoc sir
dung trong cong viéc nay. M6 hinh QSPRann dugc phét trién dyua trén cac mo ta
quan trong vé& mat théng ké cua cac md hinh QSPRmLr V& QSPRpcr. Mang ANN
cling duoc str dung dé du doan cac gia tri hang s6 bén logBai cua tap danh gia ngoai
(Bang p5.5b; Phu luc 5). Trong nghién ctu nay, chang t6i da tim ra mé hinh
QSPRann tot nhat vai kién trac 1(7)-HL(10)-O(1).

Qua d6, kién trdc mang 1(7)-HL(10)-O(1) bao gom cac méd ta nhu nelem,
Cosmo area, xvp3, MaxNeg, Hmin, xch10 va SsSCH3 1a 7 noron 16p dau vao: I6p dau
ra O(1) ¢6 1 noron 1a hang sé bén logPai; 16p an HL(10) bao gom 10 noron. Mang
ANN gdm ba 16p nay duoc luyén bang giai thuat lan truyén nguoc két hop thuat
toan Levenberg-Marquest. Ham truyén hyperbolic sigmoid tangent dwoc str dung dé
luyén. Két qua cac tham sé mang trong qué trinh luyén nhu téc d6 hoc 1a 0,01; quan
tinh 12 0,9; gia tri muc tiéu hoi tu 10°° va ham sai s6 st dung 1a RMSE. M6 hinh
QSPRann 1(7)-HL(10)-O(1) nhan céc gia tri thong k& RZwin = 0,9860; Q%cv =
0,9840 va R%est = 0,9830. Céc két qua nay chi ra ring mo hinh QSPRann 1(7)-
HL(10)-O(1) t6t hon mo hinh QSPRwmir V& QSPRecr. Bong thai, md hinh QSPRann
c6 thé giai thich dwogc 98,60% bién trong tap dir liéu, trong khi d6 mé hinh
QSPRwLr V& QSPRecr giai thich twong tng duoc 94,50% va 94,90% bién. Md hinh
QSPRann ciing thé hién su phi hop tét hon gitra c4c gi tri du doan va thuc nghiém.
Piéu nay duoc chitng minh qua cac gié tri thdng ké MARE (%) nhu Bang p5.5b cua
Phu luc 5.

Ngoai ra, cic moé hinh QSPR dugc danh gia ngoai qua gia tri dugc danh gia
qua dai luong Q%v. Cac hé sb tuong quan R di duoc xac dinh tir cac gia tri hang s6
bén dy doan va thuc nghiém cho bo dit liéu danh gia ngoai va phai nhan gié tri gan

bang 1. Trong nghién ctru ndy, chung toi da str dung bo dix lidu ngoai gom 10 phirc
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tir thuc nghiém dé kiém tra kha nang ung dung cia ciac md hinh QSPR dugc xay
dung (Bang p5.5b; Phu luc 5). Cac mé hinh QSPR déu dap tng cac tiéu chi cua
Tropsha [43].

Mat khac, cac gia tri MARE (%) (Bang p5.5b; Phu luc 5) cta cac md hinh
QSPR ciing cho thdy mé hinh QSPRann cho kha niang du doan cao nhat va cac gia
tri hang sb bén logpi1 du doan rat gan vai cac gia tri thuc nghiém. Ngoai ra, phuong
phap ANOVA mét yéu té duoc sir dung dé danh gia su khac biét giira cac gia tri
hang s6 bén logBi1 ctia ba md hinh QSPR. Theo d6, su khac biét giita ching la
khong dang ké (F = 0,0686 < Foos = 2,8663). Do d6, co thé sir dung cac md hinh
QSPR dé udc tinh hang s6 bén logBai cua cac phic méi.

f. M6 hinh QSPR nhém dir li¢u 6

Phuong phép st dung dé xay dung mé hinh QSPR gom MLR va ANN. Tap
dir liéu bao gom tap xay dung mé hinh véi 64 gia tri hang s6 bén logBas va tap danh
gia ngoai géom 10 gia tri hang s6 bén cua phic (Bang p5.6a va Bang p5.6b; Phu luc
5). Két qua xay dung cac md hinh QSPRmLr Va cac gid tri thong ké duoc trinh bay
trong Bang 3.12.

Bang 3.12. M6 hinh QSPRwir Xay dung (k = 4+13) va céc gia tri thong ké

k Bién mé ta SE R2train Q?Loo Fstat
4 X1/X2/Xa/X4 1,9983 | 0,4625 0,312 12,6574
5 X1/X2/X3/Xal X5 1,7474 | 0,5963 0,420 17,0852
6 X1/X2/XalXalXs/Xs 1,6298 | 0,6544 0,491 17,9857
7 X1/X2/XalXal Xs/X6/X7 1,5351 | 0,6993 0,537 18,5384
8 X1/X2/X3/XalXs/Xe/X7/Xs 1,5462 | 0,7098 0,528 16,0273
9 X1/Xa/X3/XalXs/Xe/X7/Xs/Xo 1,3768 | 0,7663 0,574 19,6742
10 X1/XalXalXal Xs/X6/X7/Xe/Xol X10 1,1083 | 0,8516 0,668 30,3273
11 X1/ Xol X3l Xal X5/ Xe/ X7/ Xa/ XolX10/X11 0,7896 0,9263 0,8425 58,9921
12 X1/ XofXalXal X5/ Xe/ X7/ XalXolX10/X11/X12 0,6993 0,9436 0,8792 70,3134
13 X1/Xa/XalXalXs/Xe/X7/XelXo/X10/X11/X12/X13 | 0,6212 | 0,9561 | 0,9055 | 83,5026
Giai thich bién mé ta trong mé hinh

Xvp6 X1 N3 X6 knotp X10

xvpcd X2 electric energy X7 volume X11

xvp7 X3 COSmo area Xg surface X12

Xp5 X4 dipole Xg N* X13

xp4 X5
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Khi gid tri k tdng thi gia tri R?rin Va Q?Loo ting va gia tri SE giam. Khi gia tri k
dat 11, gié tri R%main VA Q2Loo thoa mén diéu kién théng ké. Khi gia tri k tang 1én 12,
cac tham sé RZuain VA Q2Loo tiép tuc ting va SE van giam nhung su thay doi nay la
khong dang ké. Do d6, mo hinh QSPRwmir V6i k = 11 1a két qua phl hop nhét trong
tat ca cac moé hinh. Chét luong cia mé hinh QSPRmir nhan duoc gom RZpain =
0,9263; SE = 0,7896; Fsat = 58,9921 va Q?Loo = 0,8425. Phuong trinh hoi quy tuyén
tinh cia m6 hinh QSPRmLr nhu sau:
logBi1 = 7,984 —5,997xx1 + 3,044xx2 + 5,960xx3 — 24,356xX4 + 26,688x%Xs +

+ 22,313xx6 — 0,00127%x7— 0,227%xg + 1,148%x9 + 13,437%x10 + 0,089%x11 (3.9)

Sy dong gdp quan trong cua cac bién md ta trong mdi phtrc duoc sap xép theo
thi tu dya trén céac gia tri GMPy (gi tri trung binh ciia MPxx,, duoc tinh tir két qua
ciia ba mé hinh tét véi k = 11-13 1a xp4 > xp5 > cosmo area > volume. Tham s
Xp4 (xs) V6i gia tri GMPxs 1a 31,2463 ¢6 anh huong manh dén hang sé bén cua
phtrc. Tham s6 xp4 duoc goi 12 Chi path 4 - chi s6 Chi thi 4 don gian. Tiép theo,
tham s6 xp5 duoc goi la Chi path 5 - chi s Chi thtr 5 don gian (x4). Hai tham s6
cubi cuing anh hudng manh dén hang sé bén 1a cosmo area (xs) va volume (x11), day
|la cac tham s hinh hoc cua phan ti.

Trong nghién cttu nay, md hinh QSPRann ciing duroc phét trién dya trén cac
bién caa mo6 hinh QSPRwmLr. Tap dit liéu dugc chia ngau nhién thanh ba tap con, bao
gom 70% tap luyén; 15% tap danh gia chéo va 15% tap kiém tra doc 1ap. Mo hinh
QSPRann duoc luyén vai kiéu mang MLP, giai thuat lan truyén nguoc Levenberg-
Marquest va ham truyén hyperbolic sigmoid tangent dugc sir dung dé luyén mang.

Kién tric mang bao gom ba Iép 1(11)-H(8)-O(1) di dugc tim thay. Trong do,
l6p dau vao 1(11) bao gém 11 noron 13 xvp6, xvpcd, xvp7, Xp5, xp4, N3, electric
energy, cosmo area, dipole, knotp va volume; 16p dau ra O(1) gom 1 noron 12 logPi1
va 16p an gdom 8 noron. Két qua cac tham sé luyén mang nhan duoc 1a téc do hoc Ia
0,01; quén tinh 12 0,9; gia tri muc tiéu hi ty 1a 10°° va ham sai sé st dung 12 MSE.
M6 hinh QSPRann tét nhit da duoc tim ra véi cac gia tri thong ké c6 ¥ nghia cao
nhu R%rin = 0,994; Q2%v = 0,998 va RZest = 0,993. Két qua nhan duoc cho thay trén
cling mot tap dit liéu duoc st dung dé xay dung mé hinh thi mé hinh QSPRann cho

hiéu suét dy doan tot hon qua gia tri théng k& R2ain va Q%cv.
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Kha nang du doan cua cac moé hinh da dugc thyc hién qua tap dix liéu danh gia
ngoai gom 10 phuc chit va chat lugng mé hinh danh gia qua cac gia tri QZest. CAC
két qua du doan nhan duoc trong Bang p5.6b cua Phu luc 5. Gia tri MARE(%) cua
cac md hinh QSPRmir va QSPRann 1(11)-HL(8)-O(1) lan luot la 16,17% va
15,54% va cac gia tri Q%est cua cac md hinh QSPRmir Va QSPRann la 0,8044 va
0,8963. Nhirng gia tri nay cho thay ring cac md hinh c6 kha niang du doan t6t va md
hinh QSPRann cho kha nang du doan cao hon so v4i mé hinh QSPRwmLr va cac gia
tri logBi1 du bdo tir m6 hinh QSPRann gan véi cac gia tri thuc nghiém hon.

Su khéc biét gitra cac gia tri thuc nghiém va tinh toan cua hang sé bén logBis
tr md hinh QSPRmLr va m6 hinh QSPRann 1(11)-HL(8)-O(1) 13 khong dang ké (F
=0,0988 < Foos = 3,3541) qua phan tich phuong sai ANOVA mét yéu t6. Do do,
kha nang du doan cua ca hai mé hinh QSPR phu hop véi dir liéu thuc nghiém.

g. M6 hinh QSPR nhém dir li¢u 7

Phuong phép str dung dé xay dung mé hinh QSPR trong nghién cau nay gém
MLR, PCR va ANN. Tap luyén bao gom tap xay dung md hinh véi 50 gié tri hang
s6 bén logPu: va tap danh gia ngoai cling gom 10 gié tri hang s6 bén cua phuc (Bang
5.7; Phu luc 5). M6 hinh QSPRmLr duoc xay dung bang céch sir dung ky thuat loai
bo nguoc va ki thuat hoi quy chuyén tiép. Cac mo hinh QSPR duoc danh gia chéo
bang phuong phap LOO bang cach st dung théng ké QZoo. Két qua cua cac mo
hinh QSPRmLr duoc trinh bay trong Bang 3.13 véi s6 lugng md ta k = 1+12.

Trong cac md hinh khao sat, mé hinh QSPRmLr Vai gia tri k 1a 11 dwoc chon
mac dU cac gid tri thong ké mo hinh 12 bién tot hon. Tuy nhién, khi sé lugng bién
tang tir 11 dén 12 thi cac gié tri thong ké ting khong dang ké. Vi vay, md hinh
QSPRwLR V6i 11 bién (in ¢am trong Bang 3.13) thoa mén tiéu chi thong ké.

Bang 3.13. Két qua cac mo hinh QSPRwwr (k = 1+12) véi cAc gid trj thong ké

STT | M6 hinh QSPRmLr

1 | logPu = 10,9658 + 2,0345xknopt. n = 50; k = 1; MSE = 1,7505; Résin = 0,2106; Q%00 =
0,1526; Fstat = 12,8093

5 logP11 = 6,1372 + 2,0769xknopt + 0,2107xSHBa. n = 50; k = 2; MSE = 1,6150; RZin = 0,3421;
Q%00 = 0,2696; Fsar = 12,2220

3 logPa1 = 16,2732 + 2,8514xknopt + 0,2374xSHBa + 1,2022xHOMO. n = 50; k = 3; MSE =
1,4937; RZ%gin = 0,4493; Q%00 = 0,3635; Fstar = 12,5088.

4 logP11 = 16,2307 + 3,6618xknopt + 0,2864xSHBa + 1,3207xHOMO + 0,3637xxvpc4. n =50; k =
4; MSE = 0,4380; Rin = 0,5006; Q%00 = 0,4066; Fstat = 11,2792
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logP11 = 21,4966 + 4,4608xknopt + 0,2785xSHBa + 1,8510xHOMO + 0,5945xxvpcd +
4,1390xN* n =50; k = 5; MSE = 1,3089; R2in = 0,5955; Q% 00 = 0,5077; Far = 12,9537

logPy1 = 21,5880 + 4,7508xknopt + 0,2881xSHBa + 1,6149xHOMO + 0,6451xxvpcd +
6 | 3,9674xN* + 1,4024xLUMO. n = 50; k = 6; MSE = 0,5729; Reain = 0,6886; Q200 = 0,5729; Fe
= 15,8470

logPBi1 = 22,7487 + 4,8607xknopt + 0,3049xSHBa + 4,2879xHOMO + 0,6655xxvpcd +
7 | 4,6322xN* + 1,5772xLUMO + 2,53822xionization potential. n = 50; k = 7; MSE = 1,1530;
R2ain = 0,6504; Q?Loo = 0,5733; Fytar = 14,0257

logP11 = 32,38996 + 5,8346xknopt + 0,2701xSHBa + 9,6031xHOMO + 0,7167xxvpcd +
8 | 6,2790xN* + 2,4642xLLUMO + 6,8985xionization potential + 0,3638xdipole. n = 50; k = 8; MSE
=1,0627; RZpin = 0,7515; Q%00 = 0,6130; Fstar = 15,5024

logB11 = 29,6371 + 7,3019xknopt + 0,3253xSHBa + 13,1749xHOMO + 1,1428xxvpcd +
9 | 10,2939xN* + 3,2718xLUMO + 10,1252xionization potential + 0,5773xdipole + 0,0189xMW. n
=50; k=9; MSE = 0,8127; R2yain = 0,8582; Q% 00 = 0,7315; Feat = 26,9024

logPa1 = 32,9799 + 7,6504xknopt + 0,4048xSHBa + 15,0983xHOMO + 1,1431xxvpc4 +
10 | 11,4920xN* + 3,6561xLUMO + 11,7072xionization potential + 0,7992xdipole + 0,0210xMW +
8,8653xMaxneg. n = 50; k = 10; MSE = 0,7391; R2pin = 0,8857; Q?Loo = 0,7921; Fstat = 30,2107

logPu1 = 41,1432 + 9,1226xknopt + 0,4786xSHBa + 19,0890xHOMO + 1,2860xxvpc4d +
15,4336xN* + 4,2962xLUMO + 14,8059xionization potential + 0,8880xdipole + 0,0273xMW +

1 11,8044xMaxneg — 0,0157xAHs . n = 50; k = 11; MSE = 0,5878; RZrain = 0,9296; Q?Lo0 =
0,8673; Fstat = 45,5829
logPi1 = 53,5937 + 8,6225xknopt + 0,4584xSHBa + 17,2750xHOMO + 1,2411xxvpc4d +

12 13,7630%N4 + 4,3344xLUMO + 13,1842xionization potential + 0,8293xdipole + 0,026 7xMW +

11,3017xMaxneg — 0,0130%AH¢ — 8,8133xovality. n = 50; k = 12; MSE = 0,5130; R?Ztain =
0,9477; Q200 = 0,8721; Fys = 55,9223

Tur két qua Bang 3.13, gia tri R%in = 0,9296; MSE = 0,5878 chi ra rang tap di
ligu luyén dé xay dung mé hinh QSPRwmir ¢6 ¥ nghia théng ké, Q% 0o = 0,8637 (Q?Loo

> 0,5) 1a diéu kién thiét yéu cho mé hinh QSPR. Vi vay, ky thuat danh gia chéo ciing
cho thay mé hinh QSPRwmLr ¢6 thé duoc st dung dé du doan cac gia tri logBas.

Tiép theo, md hinh QSPRecr duroc phat trién bang cach sir dung bo dit liéu nay
v6i 12 mo ta phan tir tir két qua moé hinh MLR. dugc xay dung tir két qua cua ky
thuat phan tich thanh phan chinh (PCA). Su thay dbi caa thanh phan chinh (PC)
trong cac md hinh QSPRecr anh hudng dén cac gia tri MSE cho qua trinh luyén va
danh gia. Vi vay, QSPRpcr t6t nhat bao géom 11 PC, c¢6 thé duoc chuyén doi trong
md hinh QSPRecr VGi C4C M ta ban dau nhu sau:

logBi1 = 41,9783 + 9,4330xknopt + 0,4959%xSHBa + 19,7945xHOMO +
+1,3160xxvpc4 + 16,4278xN* + 4,4705xLUMO +
+ 15,4513x%ionization potential + 0,9287xdipole + 0,0291xMW +
+ 13,5302xMaxneg — 0,0184xAHs¢ (3.10)
n = 50; R?wain = 0,9236; Q%cv = 0,9423; MSE = 0,4190; Fstat = 30,7885

M6 hinh QSPRecr Véi 11 PC ¢ ¥ nghia théng ké va phuong trinh (3.10) véi 11

thanh phan c6 phuong sai giai thich 92,36% bién trong cac hang s6 bén cua tap luyén.
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Ngoai ra, md hinh QSPRann ciing dugc phat trién tir tap dir liéu caa trén dua
trén cac md ta phan tir caa mé hinh QSPRwmir. Kién trdc cua mang noron gom ba
16p 1(11)-H(n)-O(1); 16p dau vao 1(11) bao gom 11 noron 14 knotp, SHBa, HOMO,
xvpc4, N4, LUMO, ionization potential, dipole, MW, Maxneg va AHs; 16p dau ra
O(1) bao gém 1 noron 1a gi trji logPiz; 16p 4n bao gom n noron. Bdng thoi, cac md
hinh QSPRann duoc st dung ciing dé du doan cac gia tri hang sé bén logPi: cua tap
danh gia ngoai doc lap nhu trong Bang 5.7 ciaa Phu luc 5.

Mang truyén thang MLP ba 16p véi giai thuat lan truyén nguoc Levenberg-
Marquest sir dung luyén mang. Ham truyén hyperbolic sigmoid tangent dat trén mdi
n(t cua cac 16p mang. Céac tham sé mang luyén nhan duoc gom téc d6 hoc 1a 0,01;
hang sé quan tinh 1a 0,9; gia tri myc tiéu hoi tu 1a 1019 va ham sai s6 st dung 1a MSE.

Pau tién, chung t6i khao sat kién tric mang va nhan dugc két qua nhu Bang 3.14.

Bang 3.14. Két qua khao sat kién tric mgng mé hinh QSPRann 1(11)-HL(n)-O(1)

STT | Kién triic mang Rtrain Q% RZest S;%ls: ttif) S;:nsl? ;l:
1 | I(11)-HL(13)-0(1) | 09634 | 00981 | 09836 | 0,199 0,1813
2> | 1(10)-HLD)-0(1) | 09922 | 09879 | 09850 | 0,2286 0,4620
3 | I1(11)-HL(14)}-0(1) | 00912 | 09938 | 09948 | 0,2300 0,6464
4 |1(11)-HL(10)-0(1) | 0,7972 | 09804 | 09961 | 02569 0,3043
5 | I(11)-HL(12)-0(1) | 09939 | 09848 | 09148 | 02503 0,1570
6 |I(11)-HL(8-O(1) | 09690 | 09937 | 09813 | 0,2839 0,3875

Tiép dén, luyén mang véi cac kién trac trén va danh gia ngoai cac moé hinh
mang nay. M6 hinh QSPRann tot nhét vai kién tric 1(11)-HL(14)-O(1) dwoc chon
thoa man vé diéu kién théng ké. Mo hinh c6 ¥ nghia thong ké cao Vi RZyain =
0,9913; Q% = 0,9939 va R?%est = 0,9949. Ngoai ra, kha nang du doan ctia QSPRanN
1(11)-HL(14)-O(1) tét hon so v&i cac mb hinh QSPRmLr V& QSPRecr. Piac biét, md
hinh QSPRann phll hop dé dir doan véi QZest = 0,9665 trong khi d6 md hinh MLR
va PCR lan luot nhan dugc 12 0,9230 va 0,9308. Diéu nay thé hién tir cac két qua du
doan cho 10 phtic chat chon ngau nhién cua tap danh gia ngoai md ta trong Bang
p5.7 cua Phu luc 5.

Phuong phap ANOVA mét yéu té dugc sir dung dé xac nhan su khéc biét giita
cac gia tri logPi1 thuc nghiém va du doan tir cac mé hinh QSPRmLr, QSPRpcr Va
QSPRann. Theo d6, su chénh léch giita chiing 1a khong dang ké (F = 0,0077 < Foos
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= 2,8662). Do d0, tat ca cac két qua du doan tir cac md hinh QSPR phtl hop tét véi
dit liéu thyc nghiém. Céc gié tri MARE (%) ciing dugc sir dung dé so sanh hiéu qua
du doén cac gid tri logBis. Gid tri MARE (%) cia QSPRwmLr, QSRPecr VA QSPRanN
lan luot 12 7,37%: 6,60% va 6,23% cho thiy md hinh QSPRann cho kha ning du
doan cao nhat va c4c gia tri logBi1 du doan rat gan vai cac gia tri thuc nghiém.

h. M6 hinh QSPR nhom dir liéu 8

Phuong phap sir dung dé xay dung mo hinh QSPR trong nghién cau nay 1a
trong ddi ddy da gom OLS (mét cach dung tir khac cia MLR), PLSR, PCR va
ANN. Tap dir liéu gom tap xay dung mé hinh véi 50 gia tri hang s6 bén logpi: va
tap danh gia ngoai gom 10 gia tri hang s6 bén cua phirc (Bang p5.8a va p5.8b cua
Phu luc 5).

Mé hinh OLS duoc xay dung dau tién va dugc xac dinh qua cac gia tri thong
ké khi ting s6 bién. Cac md hinh QSPRpLs, QSPRecr Va QSPRann dugc phat trién
tiép theo cling dya trén cac bién cia md hinh QSPRovs va cubi cing mé hinh mang
noron nhan tao QSPRann cling duoc phat trién voi cac gia tri thong ké RZpain Va

R%cy. Md hinh QSPRoLs qua cac bién duoc trinh bay trong Bang 3.15.

Bang 3.15. Két qua mo hinh QSPRos qua cac bién véi cac gia tri thong ké

k Bién mo ta MSE RZrain R2adj Q%Loo Fstat
2 X1/X2 3,1491 | 0,3943 | 0,3685 | 0,2744 | 15,2854
3 X1/X2/X3 2,7163 | 05594 | 0,5303 | 0,4293 19,4261
4 X1/X2/X3/X4 2,5866 | 0,6096 | 05746 | 0,4867 17,5203
5 X1/X2/X3/XalXs5 2,3463 | 0,6852 | 0,6507 | 0,5543 19,1666
6 X1/Xo/X3/XalXs5/Xe 2,0894 | 0,7568 | 0,7221 | 0,6222 | 22,2089
7 X1/X2/X3/XalXs5/Xe/X7 1,8753 | 0,8088 | 0,7762 | 0,6853 | 25,2756
8 X1/Xo/X3lXal Xs/X6/X7/Xsg 1,5864 | 0,8666 0,8404 | 0,7822 33,1239
9 X1/X2/x3/XalXs/X6/X7/X8/X9 1,0354 0,9443 0,9322 0,9035 75,2887
10 | Xa/XolXalXalXs/XelX7/X8lXaolX10 | 0,9407 | 0,9552 | 0,9443 | 0,8807 | 83,2592
Giai thich cac bién trong mé hinh

(o8 X1 SsssN X6

Xp9 X2 CcOSMo area X7

electric energy X3 xpl10 X8

cosmo volume X4 core-core repulsion X9

N* X5 Hmax X10
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Céc gié tri thong ké cho thdy ring mé hinh QSPRoLs tuyén tinh tét nhat véi 9
bién mo ta bao gom C5, xp9, electric energy, cosmo volume, N*, SsssN, cosmo area,
xp10 va core-core repulsion. Phuong trinh hdi quy tuyén tinh cia md hinh QSPRoLs:

logBi1 = — 64,63 —24,58xx1 + 26,71xX2 — 0,0233%x3 — 0,355%X4 + 25,47%X5 —

— 2,143xx6 + 0,531%xx7 — 38,16%xs — 0,0251xXg (3.11)

Gia tri théng ké cua cac hé sb cua cac bién trong md hinh QSPRovs ¢ db tin
cdy 95% duoc trinh bay trong Bang 3.16. M6 hinh QSPRpLs dugc phat trién dua
trén cac bién mo ta cia md hinh QSPRovs. Két qua nhan duoc tir md hinh QSPReLs
nhu sau:

logBi1 =— 55,976 — 26,729xx1 + 25,082xx2 — 0,020%x3 — 0,353xX4 +

+ 24,146%x5— 2,277xXs + 0,504%x7 — 36,044%xg — 0,021%X9 (3.12)

Mot cach twong tr, md hinh QSPRecr ciing dugc phat trién dua trén cac bién
mo ta caa md hinh QSPRovs. Phuong trinh hoéi quy cia md hinh QSPRecr ciing da
nhan duoc Vi cac gia tri thong ké nhu sau:

logPi1 = — 64,064 — 23,655%x; + 24,918xx, — 0,022xX3 — 0,400%Xs +

+ 26,040xx5 — 1,840%xs + 0,574xX7 — 36,476xXs — 0,024 % X9 (3.13)

Cau tric ciia mang noron duoc tim thiy gém ba 16p 1(9)-HL(12)-O(1); 16p dau
vao 1(9) bao gém 9 noron la C®, xp9, electric energy, cosmo volume, N4, SsssN,
cosmo area, Xpl0 va core-core repulsion; 16p dau ra O(1) bao gdom 1 noron 1a

logPi1; 16p an bao gdém 12 noron.

Bang 3.16. Gia trj thang ké cac bién trong md hinh QSPRovs ¢ dé tin cdy 95%

Bién H¢ 50 hdi quy SE P-value t-test
Hang so — 64,63 79644 | 552157E-10| —8,1153
X1 — 24,58 2,9083 | 1,94764E-10| —8,4524
X2 26,71 3,0242 | 6,13225E-11 8,8317
X3 —0,02334 0,002893 | 6,20314E-10| —8,0783
Xa ~0,355 0,0420 | 1,93409E-10 | —8,4544
X5 25,47 1,7524 | 1,47821E-17 14,5443
X6 ~2,143 0,2676 | 7,46051E-10| —8,0191
X7 0,531 0,0557 | 7,69789E-12 9,5262
Xg — 38,16 4,0574 | 1,09678E-11| —9,4068
X9 —0,02505 0,0033| 3,89012E-09 | —7,4934
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Giai thuat lan truygn ngugc duoc st dung dé luyén mang, ham truyén
hyperbolic tangent dat trén mdi nit cua Ié6p mang noron; cic tham sé luyén mang
bao gom téc do hoc 1a 0,01; hé s6 quén tinh 13 0,1. Két qua nhan duoc tong sai sb
bang 0,000021 véi 1.500.000 vong lap. Két qua danh gia ndi md hinh qua cac gia tri
théng ké:

M0 hinh QSPRoLs: n = 50; R?%tain = 0,9443; Q%00 = 0,9035; MSE = 1,0354

M0 hinh QSPRpis: n = 50; R?%yain = 0,9345; R%cv = 0,9658; MSE = 0,9826

M0 hinh QSPRecr: N = 50; R?%tain = 0,9347; R%cv = 0,9485; MSE = 1,1471

Bén canh do, kha nang du doan cta cac md hinh QSPR déu duoc danh gia can
than bang k¥ thuat danh gia ngoai theo ting truong hop. Kha niang du doan cua céc
md hinh QSPR trén nhan duoc d6i voi 10 hop chit tir cac gié tri nghién ctu thuc
nghiém (Bang p5.8b; Phu luc 5) théng qua cac gia tri MARE (%) va Q?est.

Phan tich dir liéu QZest cho thay kha niang dy doan caa cac mé hinh Ia rat tot.
Theo d6, md hinh than kinh QSPRann thé hién sy phi hop va twong quan tot nhat
gitta cac gia tri du doan va gia tri thuc nghiém, ké dén 1a md hinh QSPRpLs,
QSPRecr VA cudi ciing 12 md hinh QSPRoLs Vi Q?est 1an luot 12 0,9334; 0,9033;
0,9058 va 0,8752. Cac gia tri logBa1 tir cac md hinh QSPR gan véi cac gia tri thuc
nghiém.

Sir dung phuong phap ANOVA mot yéu to dé danh gia su khac biét giira cac
gia tri logpu1 thuc nghiém va logpi: du doan tir cac md hinh trén. Két qua cho thay
su chénh léch gitra cac gia tri thuc nghiém va tinh toan céc hang sé bén logpi: ca ba
md hinh khong déng ké (F = 0,0435 < Foos = 2,8662). Vi vay c6 thé khang dinh
rang kha nang du bao cua ca ba mé hinh QSPR phu hop vai dit lidu thuc nghiém.

Gia tri MARE (%) cua cac mé hinh QSPRors, QSPRpcr, QSPRpLs Vva
QSPRann 1(9)-HL(12)-O(1) twong tng 1a 16,21%; 14,98%; 11,95% va 8,33% cho
thay mo hinh QSPRann cho két qua dy doan tot nhat ké dén lan lugt cac mé hinh
QSPRpLs, QSPRecr Va QSPRoLs trong toan b tap di liéu nay.

I. M6 hinh QSPR nhom dir li€u 9

Phuong phap sir dung dé xay dung md hinh QSPR la MLR va ANN. Tap dix
licu bao gom tap xay dung mé hinh véi 76 gia tri hang sé bén logpi1 va tap danh gia
ngoai gém 17 gia tri hang sé bén cua phic (Bang p5.9a va p5.9b cua Phu luc 5). M6
hinh QSPRwmLr dugc xay dung véi cac tham sé thong ké duoc trinh bay Bang 3.17.
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Tir Bang 3.17 cho thay khi gia tri K ting thi gia tri R%rain V& Q%00 ting va gia tri
RMSE giam. Khi gia tri k = 5, gia tri R?%rin V& Q% 00 théa man diéu kién thong ké.
Khi gia tri k ting 1én 6, cac tham s6 R2rain VA Q?Loo tiép tuc ting va RMSE van giam
nhung su thay d6i nay 1a khong dang ké. Do d6, mé hinh QSPRwmLr véi k = 5 1a két
qua phu hop nhat trong tit ca cac mo hinh. Cac tham sb théng ké ctia moé hinh
QSPRwmLr nhan dugc gdm R%min = 0,8213; RMSE = 0,7445; Fstat = 64,3644 va gié tri
Q2Loo = 0,7886. Phuong trinh hdi quy tuyén tinh ciia mé hinh QSPRwmLr nhu sau:

logPi1 = 29,585 + 0,310%x1 — 0,120xx2 — 0,896xx3 + 0,249x4 — 1,342xxs  (3.14)

Bang 3.17. Két qua xay ding md hinh QSPRwir Vi cac tham so théng ké

k Bién mé ta RMSE | R2ain R%dj | Q%Loo Fstat PRESS
1 X1 15762 | 0,1547 | 0,1431 |0,1188 | 13,4636 | 191,6032
2 X1/X2 1,4523 | 0,2923 | 0,2722 | 0,2487 | 15,0196 | 163,2434
3 X1/X2/X3 1,0626 | 0,6266 | 0,6117 | 0,5784 | 40,2067 | 91,7376
4 X1/X2/X3/X4 0,8862 | 0,7443 | 0,7295 | 0,7085 | 51,4509 | 63,4145
5 X1/X2/X3/XalXs5 0,7445 | 0,82138 | 0,8085 | 0,7886 | 64,3644 | 45,9234
6 | Xxu/xa/xalxalxs/xs | 0,7096 | 0,8483 | 0,8275 | 0,7992 | 64,5886 | 43,5943
Giai thich cac bién trong mé hinh

coSmo area X1 SHBa Xa

cosmo volume X2 Gmin X5

ko X3 S6 X6

Mtc d6 dong gop ctia cac mo ta phan tir trong mdi phirc dugc sap xép theo thir
tu dua trén cac gia tri GMPxi, duoc tinh tir két qua cua ba mé hinh tot voi k = 4+6
la cosome area > cosmo volume > k0. Tham sb cosmo area (X1) Vi gia tri GMPx;
la 57,146 c6 anh huong manh dén hing sé bén cua phic. Tham sé cosmo area la
dién tich cosmo cua phuc chat. Tiép theo, tham sé cosmo volume (x2) 1 thé tich
cosmo cua phic. Tham s6 cudi cling anh huong manh dén hing sé bén 1a kO (xa),
day 1a cac tham sb hinh hoc cua phan ti. Str dung 5 bién tir md hinh QSPRwmLr 1am
gia tri dau vao dé xay dung mé hinh ANN. Tap dix liéu duoc chia ngau nhién thanh
ba tap con, bao gom 70% cho tap luyén; 15% cho tap danh gia chéo va 15% cho tap
kiém tra.

Kién tric ANN 1(5)-HL(m)-O(1) duoc thiét 1ap voi giai thuat toan téi vu hoa

Levenberg-Marquest véi phuong phap lan truyén nguoc. Ham truyén hyperbolic
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sigmoid tangent duoc sir dung dé luyén ANN. S6 noron m trong 16p an HL(m) duogc

khao sat. Két qua duoc dua ra trong Bang 3.18.

Bang 3.18. Két qud khao sat md hinh QSPRann 1(5)-HL(m)-O(1)

1 [1(5)-HL(11)-0(1) | 0,9677 | 0,9753 | 0,9831 | 0,0753 0,1214 0,0634
2 |1(5)-HL(8)-O(1) | 0,9655 | 0,9651 | 0,9823 | 0,0825 0,1940 0,1418
3 |1(5)-HL(6)-O(1) | 0,9785 | 0,9768 | 0,9836 | 0,0505 0,1303 0,0622
4 | 1(5)-HL(10)-O(1) | 0,9567 | 0,9823 | 0,9841 | 0,1012 0,0820 0,0587
5 | 1(5)-HL(6)-O(1) | 0,9645 | 0,9795 | 0,9846 | 0,0834 0,1000 0,0742

Pé tim mang tot nhat, cac mé hinh QSPRann di duge dénh gia vé kha ning du
doan trén cung tap dir liéu danh gid ngoai gibng moé hinh MLR. Két qua khao sat
cho thay mé hinh QSPRann Vai kién tric ANN 1(5)-HL(10)-O(1) dugc in ddm nhur
trong Bang 3.18 ¢6 kha ning du doan 12 tét nhat voi gié tri Q%est = 0,9567 va Qv =
0,9841. Theo d6, cac tham s luyén cua ANN bao gém téc d6 hoc 1a 0,01; hang sé
quan tinh luyén la 0,1; gia tri myc tiéu hoi tu cua mang la 10-1°, Dya trén cac gia tri
thdng ké ciing nhu gia tri MARE (%) nhan duoc ¢ Bang p5.9b cua Phu luc 5 cho
thay rang mé hinh mang ANN 1(5)-HL(10)-O(1) c6 kha nang du bao tét hon so voi
mo hinh QSPRwmvr trén cung mot tap luyén va tap danh gia ngoai.

Su khéc biét gitra cac gia tri thyc nghiém va tinh todn cia hang s6 bén logfas
Xuat phét tir mo hinh QSPRmir Va md hinh QSPRann 1(5)-HL(10)-O(1) la khéng
dang ké (F = 0,0509 < Fogs = 3,1907) qua phan tich phuong sai ANOVA. Do do,
kha ndng du doan cia ca hai mé hinh QSPR phu hop véi dit liéu thuc nghiém.
3.1.2.2. Md hinh QSPR ciia phirc chit ML,

a. Mo hinh QSPR nhom dir liéu 1

Nghién ctu str dung hai phuong phap dé xay dung mé hinh QSPR 13 MLR va
ANN. Tap dit liéu bao gébm tap xay dung md hinh vai 51 gia tri hang sé bén logpiz
cua phic (ML2) va tap danh gia ngoai gom 12 gia tri hang s6 bén cua phic (Bang
p6.1a va p6.1b; Phu luc 6).

Pau tién, st dung XLSTAT2016 dé sang loc cac bién cho mé hinh, sau d6 sir
dung nhom bién mo ta vira tim dugc dé phat trién cac md hinh QSPRwmLr bing céach

st dyng hai ki thuat hoi quy chuyén tiép va loai bé dan dé tim bién tét nhat. Cac
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md hinh QSPRmLr dugc danh gia chéo (CV) theo phuong phap LOO. Mudi mo
hinh QSPRwmLr Xay dung (Bang 3.19) vai 3 bién mé ta déu dap ung céc yéu cau
thong ké véi cac gia tri R%main, Q2Loo, Fstat rit cao va gid tri SE, PRESS rat thap. Tuy
nhién, dé chon mé hinh phu hop can phai tién hanh danh gia ngoai cac mé hinh nay.

Tiép dén, sir dung bo dit lieu gom 12 gia tri hang s6 bén logPi2 cua cac phic
chat thuc nghiém (Bang p6.1b; Phu luc 6) dé danh gia ngoai 10 mé hinh QSPRwiLr di
duoc xay dung. Cac danh gia duoc theo ddi chat ché qua chuan thong ké Q%est va thu
duoc ba mé hinh (dwgc in dam trong Bang 3.19) dap tmg cac diéu kién thong ké.

Ba m6 hinh QSPRwmLr di xay dung c6 thé du doan tot hon véi cac gid tri QZest.
Sau d6 sir dung phuong phap ANOVA dé so sanh cac gia tri logBaz thuc nghiém va
du doan tir ba mo6 hinh nay. Su khac biét gitra gia tri thuc nghiém va gia tri du doan
1a khong dang ké (F = 0,8388 < Fo,os = 2,8165). Tuy nhién, md hinh QSPRmLr7 €O
gia tri Q2est cao nhat. Do d6 mo hinh nay c6 kha niang du doan tot nhat so voi cac
md hinh con lai. Hon nira, gia tri MARE (%) cta m6 hinh QSPRwmLr7 cling nhan
thap nhat (Bang p6.1b, Phu luc 6). Vi vay, chiing t6i cd thé sir dung mo hinh nay dé
phét trién mo hinh ANN nham du doan céc gia tri hang sé bén logBi2 cho hop chat
thiét ké mai.

Bang 3.19. Cac md hinh QSPRwr dirot xay dyng véi cac gia trj thong ké

STT | Ky hiéu | M6 hinh QSPRwmLRr

1 MLR1 logfi, = 179,590 — 16,1095%x0 — 0,000634xcosmo volume + 0,3811xtotal energy

N = 51; R2%pin = 0,9972; Q%00 = 0,9965 ; SE = 0,3252; Fyar = 4815,8; PRESS = 6,3610
5 MLR2 logf, = -9,621 + 69,0756xN?! +7,1530xionization potential + 0,0431x AHs

N = 51; R%zin = 0,9973; Q%00 = 0,9966 ; SE = 0,3099; Fsa = 5305,7; PRESS = 5,6825
3 MLR3 logf, = 177,395 — 15,6909%x0 + 0,3681xcosmo volume + 2,0175xovality

N = 51; R%in = 0,9973; Q200 = 0,9967 ; SE = 0,3253; Fst = 4813,0; PRESS = 6,3605
4 MLRA4 logBi2 = -88,235 — 0,0012xelectric energy + 0,0713xMW — 3,9449xSssCH2

N = 51; R%in = 0,9936; Q200 = 0,9917 ; SE = 0,4787; Fsat = 2214,1; PRESS = 13,8058
5 MLR5 logBi2 = 90,568 — 10,6343xABSQ — 0,0411xcosmo area + 6,7789xxvch5

N = 51; R%y,in = 0,9896; Q2 00 = 0,9888 ; SE = 0,5868; Fst = 1468,2; PRESS = 18,8823
6 MLRS logpz = -26,997 + 0,0289%AHs — 3,3882xSaasC — 6,3372xHOMO

N = 51; R%in = 0,9974; Q200 = 0,9965 ; SE = 0,3252; Fesr = 4815,8; PRESS = 6,3610
7 MLR7 logprz = 27,570 — 5,6037%xSaasC — 0,3342xLUMO + 2,3297xxvp10

N = 51; R2rain = 0,9943; Q?%Loo = 0,9933 ; SE = 0,4342; Fstat = 2693,9; PRESS = 10,9412
8 MLRS logprz = -29,908 — 1,7203xSssO + 2,2188xxv0 — 0,1902xxvpc4

N = 51; R2yain = 0,9955; Q?Loo = 0,9936 ; SE = 0,4216; Fsar = 2858,9; PRESS = 10,2241
9 MLRO logprz = -50,622 + 288,0053xMaxQp + 3,8334xSdsCH + 0,4518xxv1

N = 51; R2yain = 0,9962; Q?Loo = 0,9964 ; SE = 0,3381; Fstat = 4454,9; PRESS = 6,8477
10 | MLR10 logpiz = 63,341 — 0,00158x%electric energy — 2,8855%XLUMO + 2,3439%SaaCH

N = 51; R2%pin = 0,9754; Q%00 = 0,9707 ; SE = 0,8991; Fyar = 498,2; PRESS = 46,2372
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Ba bién tir md hinh QSPRwmr7 lam gié tri dau vao dé xay dung cho mé hinh
ANN. Tap dir liéu duoc chia ngau nhién thanh ba tap con, bao gém 60% cho tap
luyén; 20% cho tap danh gia chéo va 20% cho tap kiém tra. Kién tric ANN 1(3)-
HL(m)-O(1) dugc thiét 1ap véi giai thuat téi wu hoa Levenberg-Marquest qua
phuong phép lan truyén nguwoc. Ham truyén hyperbolic sigmoid tangent dugc sir
dung dé luyén ANN. S6 noron m trong 16p an HL(m) duoc khao sat (Bang 3.20).

Pé tim mang tét nhat, cac md hinh QSPRann duoc danh gia vé kha niang du
doan trén cung tap dir liéu danh gia ngoai tuong tu mé hinh MLR. Khao sat cho
thay md hinh QSPRann Vi kién trdc ANN 1(3)-HL(10)-O(1) (Bang 3.20) c6 kha
ning du doan t6t nhat voi QZest = 0,9978 va Q%v = 0,9996. Theo d6, cic thong sd
luyén cia ANN bao gom téc do hoc 1a 0,01; hang s quan tinh luyén 1a 0,1; gia tri
muc tiéu hoi tu cua mang la 1071°. Dya trén cac gia tri thong ké trén tap luyén va tap
danh gia cling nhu gia tri MARE (%) (Bang p6.1b; Phu luc 6) cho thay rang mé hinh
mang ANN 1(3)-HL(10)-O(1) c6 kha nang dur béo tét hon so véi mé hinh MLR.

Bang 3.20. Két qud khao sat méd hinh QSPRann 1(3)-HL(m)-O(1)

Saisd | SaisHta Sai s6
al SO ta
STT QSPRANN Rtrain taest chv . N .2 P tap danh
tap luyén kiém tra gid

1(3)-HL(3)-O(1) | 0,9995 | 0,9975 | 0,9996 | 0,0219 | 0,1526 | 0,0757

I(3)-HL(7)-O(1) | 0,9993 | 0,9977 | 0,9996 | 0,0203 | 0,1378 | 0,0434

1(3)-HL(9)-O(1) | 0,9994 | 0,9965 | 0,9997 | 0,0212 | 0,1542 | 0,0276

Al w| M| R

1(3)-HL(10)-O(1) | 0,9994 | 0,9978 | 0,9996 | 0,0230 0,1397 0,0270

b. M6 hinh QSPR nhém dir liéu 2

Phwong phap xay dung mé hinh QSPR 13 MLR va ANN. Tap dir liéu bao gom
tap xay dung mé hinh véi 79 hang sé bén logBi. cua cac phuc va tap danh gia ngoai
gom 10 gia tri hang sb bén cua phirc (Bang p6.2a va p6.2b caa Phu luc 6).

Trong qua trinh md hinh hda QSPRwmir str dung XLSTAT2016 dé phan tich
mbi twong quan va sang loc cac bién trong mo hinh. Sau d6, ciac mo hinh QSPRmLr
duoc phat trién dya trén cac ki thuat chon bién hdi quy chuyén tiép va loai bo dan.
Cac mo6 hinh QSPRwmLr duge danh gia chéo (CV) bang k¥ thuat LOO. Muoi mo
hinh QSPRwmLr X@y dung dugc trinh bay trong Bang 3.21.
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Bang 3.21. Cac md hinh QSPRmLr duroC X8y dung Vi cac gia tri thang ké

STT | Ky hi¢u | M6 hinh QSPRwmLR

1 MLR1 logpie = -10,0592 + 0,0133xMW + 18,5079xC5 + 6,1168xHmin. n = 79; R2in = 0,9338;
Q%00 = 0,9226; RMSE = 0,4369; Fs: = 353,2; PRESS = 16,758

2 MLR2 logpi, = 3,6859 — 0,0385xcosmo area + 2,5659xxp6 + 13,3033xC2. n = 79; R2ain =
0,9265; Q?Loo = 0,9176; RMSE = 0,4605; Fswt = 315,4; PRESS = 17,853

3 MLR3 logpi = -10,5895 + 1,3269xABSQ + 15,8569xC® + 0,2487xxV1. n = 79; R2in = 0,9234;
Q%00 = 0,9168; RMSE = 0,4701; Fsw = 301,7; PRESS = 18,019

4 MLR4 logpi2 = -8,8636 — 0,00161xtotal energy - 0,2645xknotpv + 10,921xC®. n = 79; R2yain =
0,9126; Q%00 = 0,9003; RMSE = 0,5025; F = 260,9; PRESS = 21,593

5 MLR5 logpiz = -3,5632 + 0,03079xcosmo volume + 15,5589xC? — 0,0299xcosmo area. n = 79;
R2irain = 0,8994; Q2Loo = 0,8867; RMSE = 0,5389; Fstat = 223,6; PRESS = 24,543

6 MLR6 logf, = -2,7958 - 0,00008xelectric energy + 0,1369xxvpcd + 9,1212xC5, n = 79; R2yain =
0,8989; Q%00 = 0,8777; RMSE = 0,5403; Fy = 222,3; PRESS = 26,487

7 MLR7 logf, = -33,2523 + 10,4883xHmax + 1,6293%xSssCH2 + 1,3713xionization potential. n =
79; R%rin = 0,9086; Q%00 = 0,8929; RMSE = 0,5137; Fys = 248,5; PRESS = 23,205

8 MLRS logprz = -12,7964 — 9,0030xknotp — 0,0431xcosmo area + 6,4254xHmin. n = 79; R?rain
=0,9274; Q?Loo = 0,0929; RMSE = 0,4579; Fstat = 318,3; PRESS = 21,020

9 MLR9 logprz = -7,9299 + 0,3346xkal + 13,7238xC® + 0,3959xxvc3. n = 79; RZin = 0,8988;
Q%00 = 0,8784; RMSE = 0,5405; Fst = 222,1; PRESS = 26,335

10 | MLR10 logf, = -2,0449 + 1,2639%ka3 + 20,0044xC5 — 0,5014xSsCH3. n = 79; R?yin = 0,9007;
Q%00 = 0,8883; RMSE = 0,5355; Fsat = 226,8; PRESS = 24,198

Céc tham sé thdng ké cho thay mé hinh QSPRwmir V&i ba bién mo ta ton tai ba
mo hinh chat lugng tét. Ba mo hinh nay dap tng yéu cau théng ké véi cac gid tri rat
cao cua R%min, Q4 o0, Fswat VA gid tri rat thip cua RMSE, PRESS. Tuy nhién, can phai
danh gia ngoai dé tim mé hinh phu hop. Chiing t6i da str dung tap dir liéu doc 1ap bao
gom 10 phire (Bang p6.2b; Phu luc 6). Cac danh gia dugc khao sét chit ché thdng qua
dai luong thong ké QZest. Hai mo hinh tét nhat (in dam trong Bang 3.21) duoc chon ra
pht hop Véi cac diéu kién théng ké nhu duoc mé ta trong Phu luc 8.2 cho thiy cac
md hinh QSPRwmLrs VA QSPRmLrs ¢ dy doan tot hon vai CAc gid tri Qest.

Tuy nhién, gia tri MAPE (%)md hinh QSPRwmcrs thap hon mé hinh QSPRwmLRrs
(Bang p6.2b, Phu luc 6). Vi vay, mo hinh nay duoc chon dé phat trién cac md hinh
ANN va duoc st dung dé du doan hang sé bén cho cac hop chat dugc thiét ké mai.

M6 hinh ANN duoc luyén tir ba bién va trén tap dir liéu caa md hinh
QSPRwmLrs. Tap dit liéu duoc chia ngau nhién thanh ba tap con gém 65% cho tap
luyén; 20% dix liéu cho danh gia chéo va 15% cho tap kiém tra. Vi vay, kiéu kién
trdc ANN 14 1(3)-HL(m)-O(1) dugc khao sat voi m nit an va mo hinh ciing duoc
phét trién véi giai thuat Levenberg-Marquest. Ca hai ham truyén log-sigmoid va
hyperbolic duoc sir dung. Két qua khao sat noron m dugc dua ra trong Bang 3.22.

92




Pé chon md hinh QSPRann tot nhat tir cdc mé hinh khao sat ching toi sir dung
tap ngoai dé danh gia va tim thay mé hinh QSPRann ¢6 kién tric ANN I(3)-HL(6)-
O(1) (Bang 3.22) c6 kha niang du doan tot nhat véi Q?est = 0,8931 véi céc tham sb

luyén gém quén tinh luyén 12 0,1; toc do hoc 12 0,01 va muc tiéu hoi tu 1a 10°%°.

Bang 3.22. Két qud khao sat md hinh QSPRann 1(3)-HL(m)-O(1)

STT | M6 hinh QSPRann | R2wan | Qest | Qv lslj‘;esl‘: i dg;‘;s;’ié
1 I(3)-HL(9)-O(1) | 0,9668 | 0,9896 | 0,9858 | 0,0822 | 0,0268 | 0,0689
2 I(3)-HL(5)-O(1) | 0,9832 | 0,9898 | 0,9896 | 0,0423 | 0,0256 | 0,0431
3 1(3)-HL(6)-O(1) | 0,9844 | 0,9899 | 0,9922 | 0,0396 | 0,0259 | 0,0287
4 I(3)-HL(5)-O(1) | 0,9863 | 0,9901 | 0,9913 | 0,0342 | 0,0255 | 0,0332
5 I(3)-HL(7)-O(1) | 0,9740 | 0,9898 | 0,9865 | 0,0648 | 0,0259 | 0,0634
3.2. THIET KE HQP CHAT MOI

3.2.1. Thiét ké din xuét thiosemicarbazone

Dua vao cac két qua xay dung mé hinh QSPR va thuc nghiém di cong bd
[52], [67], [124], luan &n nay da thiét ké 22 thiosemicarbazone méi dua trén khung
dan xuat 10H-phenothiazine va 22 hop chat dan xuat thiosemicarbazone méi dua
trén khung dan xuit 9H-carbazole tai nhdm Ras. Toéng cong 44 dan xuat
thiosemicarbazone thiét ké méi nay duoc trinh bay trong Phu luc 7.

3.2.2. Thiét ké phirc chat

Chung toi lya chon su tao phic cua 44 ligand thiét ké méi véi 5 ion kim loai
pho bién (Cu?*, Zn%*, Ni%*, Cd?*, Ag*). Céac phic chat nay déu ¢ hai dang ML va
ML.. Nhu vay, di c¢6 220 phac chat ML (Bang p8.1; Phu luc 8) va 220 phtc chat
ML, (Bang p8.2; Phu luc 8) di duoc thiét ké moi. Cac phic chit nay ciing duoc
sang loc twong tu nhu cac phtc chét thu thap di liéu ban dau tir thuc nghiém dé tao
ra c4c bo md ta phuc vu cho viéc du doan hang sé bén.

Do cau trdc cua cac ligand khac nhau nén su phan b dién tir cua cac nguyén
tir trén khung cau trac 1a khac nhau, dic biét 1a nguyén tir N ¢ vi tri 4 (azomethine)
— day 1a vi tri danh gia kha ning tao phic da dwoc nhiéu cong trinh nghién ctu [41],
[71], [137]. Bén canh d6, kha ning tao phicc con phu thudc vao ban chat ion kim
loai, trong trudng hop nay 1a mirc nang lugng cua cac orbital tham gia lién két. Do
d6, khi tham gia lién két gitra ion kim loai véi S va N ¢ vi tri 4 cua khung
thiosemicarbazone, tlly thuoc vao muc ning luong cua cac orbital ma lién két co
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hinh thanh hay khéng. Néu c6 sy khac biét 16n vé mic ning luong thi lién két s&
khong hinh thanh. Vi vay, khi tdi vu hoa ciu tric bang cac tinh toan lwong tir, két
qua cho thay mot sé phicc ML va ML, khong hinh thanh lién két nhu mong doi va
c4u trac da bi thay doi so véi khung cau tric nghién ciru nén da bi loai bo khoi bo
dix liéu (Phu luc 8).

3.3. DU POAN HANG SO BEN VA PANH GIA KHA NANG HINH THANH
CUA CAC LIGAND VA PHUC CHAT THIET KE MO

3.3.1. Phirc chat ML

Hang s6 bén cua phitc ML dugc du bao theo trinh ty nhu Hinh 2.11. Qu4 trinh
du bao hang sb bén céac phuc chat thiét ké méi duoc dua vao toan bo 9 nhém dit licu
ciia nhom phac ML. Sir dung cac tham sé danh gia mién tng dung (AD), két qua
cho thay chi c6 ba mé hinh trén nhom di liéu 1, 4 va 9 dap Gng yéu cau cua mién
tng dung va sir dung ba mé hinh cua ba nhom dit lidu nay dé du bao. Tuy nhién,
mot vai phic chat thiét ké mai khi dua vao ba mé hinh ciing bi loai bé vi nam trong
vling ngoai bién (outliers). Tat ca két qua dugc trinh bay trong Phu luc 8.
3.3.1.1. Két qua du bo trén mo hinh nhém dir liéu 1

M6 hinh nay da dugc xay dung véi cac mo ta xp5 va xp3, Ovality va nrings.
Ching anh huong rat 16n dén cac tinh chat cau tric, do d6, hang s6 bén cua cac
phtic ciing bi anh huong. Vi vay, chdng toi tién hanh thiét ké méi va tong hop céc
thiosemicarbazone mai dua trén sy dong gop dang ké cua cac mo ta do.

Nhu di trinh bay, hai din xut thiosemicarbazone méi duoc thiét ké bang cach
thay thé nhdm R4 bang céc nhdm vong di vong thom 16n hon dé tang kha ning déng
gop cua cac mo ta xp5, xp3, Ovality va nrings. Tt dinh hudng nay, hai ligand mai
nay (BEPT va BECT, ky hiéu chung la L) 1am thuéc thir duoc tong hop trong phong
thi nghiém. Vi vay, cac phirc méi c6 thé tao thanh bang cach cho céac thudc thir méi
phan wng véi cac ion kim loai Cu?*, Ni%*, Zn?* va Cd?* va duoc sir dung dé xac dinh
céc ion d6 trong CA&C MAu mdi trudng bang phuong phap UV-Vis. Chung t6i di chon
tam phuc thyc nghiém dé xac dinh bén ion kim loai Cu?*, Ni2*, Zn?* va Cd?* (Bang
p5.1; Phu luc 5) duoc sir dung dé danh gia véi cac phtc tong hop méi. Gia tri logpu
cua tat ca cac phuc d6 vai cac ion kim loai duoc dy doan bang cach sir dung ba mo
hinh QSPR trong Phu luc 8.
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Céac gia tri logpu du doan cua tap dir lieu du dodn chat méi tr mé hinh
QSPRca-svk VA QSPRca-ann gan véi dir liéu tha nghiém, trong d6 mé hinh
QSPRea-MmLr €O sai s6 16n nhat. Pay la cach phu hop dé phat trién cac md hinh
QSPR tir cac hang sé bén cd sin cua cac phac do cho phép sang loc cac phuc chat
MGt cach co y nghia.

Ngoai ra, ching tdi ciing c6 thé tim cac cach khac dé xac dinh céc hing s6 bén
dwa trén mdi trong quan giita cac hang sé bén thuc nghiém va dy doan cho tirng ion
riéng ¢ (Cu?*, Zn?*, Cd?* va Ni%*). Diéu nay co thé dat duoc théng qua cac két qua
tinh toan cho tirng phuc chat Cu(ll)L, Zn(I)L, Cd(I1)L va Ni(l)L qua tap dit lidu
luyén, tap danh gia va tap kiém tra bd sung tir md hinh QSPRea-svk VA QSPReA-ANN
tir viéc thiét lap cac phuong trinh twong quan. Trong truong hop nay, cac gié tri R?
nam trong khoang tir 0,8933 dén 0,9766 cho mod hinh QSPRga-svr Va tir 0,8897 dén
0,9836 cho md hinh QSPRga-ann (Hinh 3.9).
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Hinh 3.9. Sy trong quan giira cac gia tri logf thuc nghiém va tinh toan cac phuic
Cu(IL, Zn(I)L, Cd(I)L va Ni (I1)L trong tdp luyén, tap danh gid va dw dodn bé sung
Ky higu: @ : két qua tir QSPRca-svr; © : két qua tir QSPRga-ANN

Hang sb bén cua cac phirc méi dwgc ndi suy tir cac phuong trinh twong quan

cua tirng ion riéng Ié (Bang p8.1c; Phu luc 8) dua trén quy tic twong quan ctia mién
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du doan. Pay 1a két qua cua viéc danh gia bo sung vé nhimg gi da dat duoc tir cac
m6 hinh QSPRea-svk V& QSPRea-ann cho du dodn phiic chat méi. O day, ching toi
chon céc phirc chat cé thé duoc sir dung dé thiét ké cac ligand méi. Hang sé bén cua
tam phirc thuc nghiém du doan chat méi va bon phac méi Cu(Il)L, Zn(I1)L, Cd(l1)L
va Ni (1)L ¢6 ngudn gbc tir cac md hinh QSPR dugc so sanh véi nhau (Hinh 3.10).
Hang s6 bén du doan cta cac phuc chat mai ¢ két qua cao hon cua cac phirc
thue nghiém. Vi vay, chdng toi tin rang cac phac chat méi ciing c6 thé dap ng nhu
cau thudc thtr trong hoa hoc phan tich. Bi véi cac phtc ndy, gia tri logpaa tir cac
phuong trinh twong quan cling phu hgp véi cac gia tri tr md hinh QSPRga-svr Va
QSPRea-ann Va dit liéu thuc nghiém. Biéu ndy phd hgp vai suy luan caa ching toi
d6i vai viéc thiét ké cac thudc thir méi dya trén su dong gop dang ké cua xp5, xp3,

ovality va nrings.
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Hinh 3.10. So sanh gia tri logf11 du dodn tir cac md hinh QSPRga-svr va QSPRga-

ann cia phizc mai véi dir liéu thuc nghiém cua phire tir tap dw dodn chat méi

Hang s6 bén logPu1 cua cac phic méi dugc tim thay gan véi dudng tuong
quan ctia tam phuc thuc nghiém trong nhém du bao cho chat méi (Hinh 3.11). Cac
gia tri logBa1 dugc du doan phu hop véi dir lidu thuc nghiém véi cac gié tri thdng ké
Q%ored = 0,9455 cho QSPRca-svr Va Q%pred = 0,9504 cho QSPRca-ann. Céc gia tri
logB11 ndy nam trong pham vi khdng chac chin cua phép do thir nghiém ¢ mic do
tin cay 95%.
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Hinh 3.11. So sanh gié tri logf11 du dodan cua 4 phuic mai te mo hinh QSPRea-svr

va QSPRga-ann Vai dir liéu thiee nghiém cua nhém phurc die dodan mdi.

3.3.1.2. Két qua dw bao trén md hinh nhém dir liéu 4 va 9

Mo hinh nay duoc st dung dé dy doan hiang sé bén caa phuc con lai gira dan
xuat thiosemicarbazone thiét ké méi dya trén cac dan xuat phenothiazine va
carbazole & vi tri Rq ctia khung thiosemicarbazone da thiét ké véi 5 ion kim loai
Ag*, Cd?*, Cu?*, Ni?* va Zn?*. Két qua duoc dua ra trong Phy luc 7 va 8.

Xuat phat tir két qua caa cac md hinh du doan, cac phic chat méi nay dugc
dua vao mé hinh va st dung céc chi s danh gia dé kiém tra mién (ng dung va céac
quan st ngoai bién. Cac phuc chat nam trong mién tng dung s& duoc du doan. Két
qua du doan cac phtc chat nay duoc trinh bay trong Phu luc 8.

3.3.2. Phirc chat ML

Hang s6 bén cua phicc MLz dugc du béo trén hai mé hinh xay dung duoc trén
hai nhém dir liéu. Ca hai két qua nay da duoc trinh bay trong Phu lyc 8.
3.3.2.1. Két qua du bo trén mé hinh nhém dir liéu 1

Mo hinh nay duoc st dung dé du doan hiang sé bén caa mét sb phuc giira dan
xuét thiosemicarbazone thiét ké mai dya trén cac dan xuit carbazole & vi tri R4 cua
khung thiosemicarbazone véi 5 ion kim loai Ag*, Cd?*, Cu?*, Ni?* va Zn?*,

Xuit phat tir két qua caa cac md hinh du doan, cac phac chit méi nay duoc

dua vao mé hinh va st dung céc chi s6 danh gia dé kiém tra mién (ng dung va céc
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quan sat ngoai bién. Cac phirc chat nam trong mién ng dung s& duoc dy doan. Két
qua du doan cac phuc chat nay duoc trinh bay trong Phuy luc 8.
3.3.2.2. Két qua dw bao trén mé hinh nhém dir ligu 2

Mo hinh nay duoc st dung dé du doan hing sé bén cua mot s6 phuc giira dan
Xuit thiosemicarbazone thiét ké mai dua trén cac dan xuat phenothiazine & vi tri Rq
cua khung thiosemicarbazone véi 5 ion kim loai Ag*, Cd?*, Cu?*, Ni?* va Zn?* nhu
d3 trinh bay. Tuong tu, két qua caa cac mé hinh du doan ¢ tap dit lidu s& dugc dy
doan cho cac phirc chat méi. Két qua dy doan cac phuc chit nay ciing duoc trinh
bay trong Phu luc 8.

3.3.3. Phan tich cAu dang bén

3.3.3.1. Cau dang bén ciia BEPT va BECT
a. Panh gia kha nang hinh thanh BEPT

Két qua tinh toan trinh bay trong Bang 3.23 cho thay rang cac ning luong can
thiét dé hoan d6i rao can giira ning luong t6i da va tdi thiéu khac nhau dang ké tiy
thudc vao goc giita hai mit phang. Sy thay d6i cua cac hang rao thé ning phu thudc
vao ting goc nay. Su khéc biét tuyét dbi giita nang luong tbi thiéu va téi da cua
hang rao ning luong gitta hai goc lwong dién a1 va a2 cho thay sy phl hop I6n &
muc ning luong thap va cdu dang bén, tao ra thé ning lugng bé mit. Su quay cua
goc lugng dién ai va a; dan dén ning luong can thiét dé vuot qua hang rao ning
luong cuc dai bang -3898,5231 kcal/mol cho gdc ai va -3903,6066 kcal/mol cho
goc az. Su phu hop ning lwong thap nhét twong @ng véi mot gia tri caa goc nhi dién

bang 180° va hai gia tri cao nhat ciia goc nhi dién bang 90° va 270° (Hinh 3.12a).

Bang 3.23. Cdc hang rao nding leong quay tiwong vng véi méi goc nhj dién

] Twong quan giira niing lwong (kcal.mol™) va géc nhi dién (d9)
e Nang lwong | a: [Nanglwgng | a» |Nanglwong | az Nang lwgng a
Cuc tiéu | -3920,3981 | 180 | -3921,7656 | 360 | -3921,7644 | 180 -3921,7648 | 360
Cuc dai | -3898,5231 | 90 | -3903,6066 | 100 | -3849,8757 | 360 -3918,8779 | 90

G6c nhi dién a3 tao ra mot hang rao nang luong cuc dai bang -3849,8757
kcal/mol. CAu dang c6 ning luong thap nhat 12 goc nhi dién 180° véi niang luong toi
thiéu -3921,7644 kcal/mol.
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Hinh 3.12. Hang rdo ndng lirong quay theo cac goc nh; dién doi véi BEPT

a) GOoc nh; dién ai: H-N1-C2-N3 va az: N1-C2-N3-Nas; b) Goc nhj dién as: C2 - N3- Ny
-Csvaas: Ng-Cs-Cs- Cy.

Tir goc quay ctia goc nhi dién a4, hai cau dang phi hop ning lugng cao nhat dugc
ghi nhan khi goc nhi dién a4 thay do6i twong (g tir 90° dén 100° va tir 260° dén 290°.
Céc cau triic ning lwong thap nhit duoc tim thiy twong ung véi goc nhi dién as tai
180°. Trong truong hop ndy, cau dang bén cd thé tao ra hang rao ning luong téi thicu -
3921,7648 kcal/mol (hinh 3.12b). Vi vay, kha ning phan ung ciia BEPT c6 thé phu
thudc vao mét trong nhiing su phl hop twong tng véi ning luong thap nhat.

b. Panh gia kha nang hinh thanh BECT
Tuong tu, két qua tinh toan cho BECT dugc trinh bay trong Bang 3.24.

Bang 3.24. Cdc hang rdao nang lwrong quay twong g Véi méi goc nh; dién

M Twong qua giira ning lwgng (kcal.mol?) va goc nhi dién (d9)
ire

Nang lwong | a Nang lwgng a2 | Nangluwgng | as |Nangluwgng | a4

Cuc tiéu | -3878,8064 | 180 | -3889,9305 | 180 | -3880,0955 | 60 | -3878,8053 | 180

Cuc dai | -3860,2633 | 90 -3869,3797 80 | -3859,8757 | 360 | -3875,6913 | 280

Sy quay gdc nhi dién a1 va a, din dén ning luong can thiét dé vuot qua hang
rao giita ning luong cuc dai va cuc tiéu bang 18,5434 kcal/mol ddi véi goc a1 va
20,5512 kcal/mol dbi véi goc az. Sy phil hop ning luong thap nhat twong Gng véi mot
gia tri ctia goc xoan bang 180° va hai gia tri cao nhit cia goc xoin bang 90° va 270°
(Hinh 3.13a). Su quay gdc nhi dién az c6 thé tao ra mot hang rao niang luong 20,220
kcal/mol. Hai sy phu hop ning lwong thap nhat 1a goc xodn 60° va 300°. Sy quay cua
g6c nhi dién as, hai su phi hop ning luong cao nhat duoc nhan ra khi goc a4 thay doi
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tuong wng tir 70° dén 100° va tir 260° dén 290°. Céc cau dang bén cd ning luong thap
nhat duoc tim thdy twong tng vai goc nhi dién as 1a 180°. Trong trudng hop nay, cau
dang bén c6 thé tao ra hang rao ning lwong 3,115 kcal/mol (Hinh 3.13b).
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Hinh 3.13. Hang rdo ndng lwong quay theo cac goc nh; dién déi véi BECT a) Goc
nhi dién ai: H-N1-C2-N3 va az: N1-C2-N3-Nas; b) GOc nhi dién as: C2 - N3 - N4 - Cs va
as: Ng - C5 - Cs - Co.

3.3.3.2. Panh gia kha niing tao phirc bang tinh toan hrong tir
a. Kha nang tao phic caa BEPT véi cac ion kim loai

Déi vai qua trinh tim Kiém ciu dang, ca hai phép thir hinh hoc va ning luong
duoc sir dung dé 1am tiéu chi cho viéc chap nhan sy phi hop mai. Két qua tim kiém
cau dang cho ting phtc riéng 1é duoc trinh bay trong Bang 3.25. Bé thuc hién tim
kiém cau dang, trudc tién, chiing t6i d kham pha céc lién két vong t6i uu c6 thé dua
ra dong thoi kha niang udn xoin trong mdi budc Monte Carlo cho cac phuc chat.
Ching t6i cling da tim hiéu vé su dot bién t6i wu ctia cac goc xoan (Bang 3.25).

Trong d6, 1000 1an lap Monte Carlo dugc sir dung dé ap dung cho cac goc uén
khac nhau. Ching t6i da tién hanh nghién ctu anh huong cua viéc ubn dong thoi
bon lién két vong (diéu nay duoc tim thdy ngiu nhién) véi cac thay doi géc xoan
ngau nhién duoc chon tir bdn pham vi goc khac nhau. Viéc diéu tra duoc sir dung dé
kiém tra kha nang hoi tu va xac dinh su tring lap. Viéc kiém tra ning lugng duoc
chon ra dua vao ning lugng thap nhat. Nhiét do khao sat tir 298 K dén 473 K voi
tiéu chi cua Metropolis. Cac dang hinh hoc cua céc phirc nang luong thip nhat
Cu(ll)Lz, CA(I1)Lz, Ni(Il)Lz, Mn(Il)Lz, Zn(I)Lz, Pb(II)Lz va Hg(Il)Lz twong tng

Vi s6 lwong cua chiing duoc tim thiy bang cach tim kiém (Hinh 3.14).
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Bang 3.25. Két qud tim kiém cac phic & nhiét dé tir 298 K dén 473 K

wi (S| i, |, | 10| S| Kl s

’ kcal/mol kcal/mol chap nhan P xoan
Cd(ll)L2 15 94,6306 110,7383 0,1344 1209 0
Cu(InL, 43 75,1161 90,2138 0,1833 1224 0
Hg(IL> 22 95,9306 111,5423 0,2019 1179 1
Mn(IL 35 75,4783 90,3102 0,0982 1212 0
Ni(ll)L> 31 74,2235 89,0475 0,1106 1191 0
Pb(IT)L: 27 94,2928 110,1317 0,1826 1176 0
Zn(lL; 47 72,6551 79,6411 0,1807 1143 0

Khao sat cho thay cac tim kiém cau dang dua trén quy trinh udn xoin da thanh
cong lién quan dén kha niang tim kiém sy phu hop ning luong thap cua phic chat
gitta BEPT va céac ion kim loai. lon kim loai Me?* trong nudc ¢6 thé tuong tac voi
cac nguyén tir Ns, No va S, Se cuia thiosemicarbazone dé tao phic Me(l1)Lo.
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Hinh 3.14. Cdu dang Vdi ndng lwong thap nhat cia phitc véi 4 goc uon; ti: Cia-Ns-
Me1-Ng, t2: C3-S2-Me1-Ses, t3: No-Ng-C7-Ss, t4: N5-N4-Cs-So.

lon kim loai Me?* trong tac dong thoi voi cac nguyén tir N va S caa hai phan tir
thiosemicarbazone tir cac khoang céch khac nhau. Thé ning bé mit duoc tinh toan
trong qué trinh twong tac. Vi vay, do dai lién két cia Me-N va Me-S duoc xac dinh
boi vi tri ning lwong thap nhat trén bé mit ning luong twong tac. Ching duoc trinh
bay trong Bang 3.26 cho bay phiic Me(11)L2. Thé ning bé mit twong tac cua phirc
Ni(I1)L2 [153] cho thdy cac tuong tic nguyén tir dugc quan sat boi ham thé Lennard-
Jones — ham duoc st dung phd bién nho sy nhanh nhay trong tinh toan cua.
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Bang 3.26. A¢ dai lién két giza Me?* va phaéi tir trong bay phic mai

Do dai Phirc chat Me(11)L,

lién két, A | cqqnL, | Hg()L, | cuinLz | PbanL: | NignL: | MnanL: | znanL.
Me-S; 2,5422 | 25552 | 22441 | 25330 | 2,2235 | 12,2447 2,3203
Me-Ss 2,5421 | 25553 | 22440 | 25330 | 2,2236 | 12,2445 2,3202
Me-Ns 2,1463 | 21651 | 1,8606 | 2,1466 | 1,8393 1,8623 1,9338
Me-Ng 2,1462 | 21651 | 1,8605 | 2,466 | 1,8393 1,8624 1,9337

Khao sat cho thay dua vao thé ning bé mat twong tac giita cac ion kim loai

Ni2* va céc phdi tir Ns va Ny cua thiosemicarbazone dau tién va Sz va Sg ctiia phan tir

thiosemicarbazone thir hai dai dién cho cau tric bén cua cac phic hop do.

b. Kha nang tao phirc ciia BECT véi cac ion kim loai

Két qua tim kiém cau dang cho tirng phuc riéng 1é (Bang 3.27). Céc thong sd

va ky thuat tinh toan hoan toan giéng nhu phic cia BEPT, cau dang bén cua céc
phiec Cu(ll)Laz, Cd(INLz, Ni(I)Lz, Mn(I)Lz, Zn(INLz, Pb(I)Lz va Hg(Il)Lz twong

g véi nang lugng thap nhat caa chiing dugc tim thiy nhu Hinh 3.15.

Bang 3.27. Két qua tim kiém cdu dang phitc chadt & nhiér dé tir 298 K dén 473 K

MLy Céu Nﬁn'g lwong thap Nﬁn,g lwgng cao Ty 1€ S6 vong Kiént tra
dang nhat, kcal/mol nhat, kcal/mol ch?ip nhén lap xo0an
Cd(l)L: 15 65,2903 163,8078 0,234 1246 3
Cu(llL; 23 48,4294 50,2096 0,253 1170 2
Hg(ll)L: 23 103,5891 118,4575 0,180 1207 1
Mn(ll)L: 14 83,5703 97,2144 0,155 1233 0
Ni(ll)L 20 82,2663 95,8973 0,131 1206 1
Pb(IT)L: 26 102,7820 117,8339 0,242 1248 1
Zn(IL 11 88,8526 102,0090 0,170 1182 0

Nhu vay, c6 thé khing dinh ring két qua khao sat cho thay céac tim kiém cau

dang dua trén quy trinh uén xoan 1 thanh cong ddi véi kha nang tim kiém sy phu

hop ning luong thap nhat caa phirc chét gitra BECT va cac ion kim loai.
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Hinh 3.15. Cdu dang Véi ndng lwong thap nhdt caa phic véi 4 goc uon
C17-N1g-Me19-Nag, t2: C21-S20-Me19-N1s, t3: Ca3-Sa2-Me1o-Nai, ta: N1g-Me19-Nai-Naa

3.4. TONG HQP LIGAND VA PHUC CHAT
3.4.1. Tong hop BEPT va phirc Ni(II)-BEPT, Cd(11)-BEPT

Qua trinh tong hop BEPT di tir tién chét ban dau 1a phenothiazine (1) qua bén
giai doan phan tmg thong qua cac hop chit trung gian. TAt ca cac giai doan thuc
nghiém ching t6i da tim ra quy trinh cu thé ¢ cac budc va dugce trinh bay trong Phu
luc 9. Két qua thu dugc & céc giai doan cu thé nhu sau:
3.4.1.1. Giai doan ethyl hoa phenothiazine

Giai doan nay gan nhom ethyl 1én phenothiazine (1), cho san pham trung gian
(2). Hiéu suat phan mg;

—  Khbi luong tinh theo 1y thuyét: 0,1000x227,3300 = 22,7300 g;

—  Khdi lugng chét ran (2) thu duoc thyc té 19,5127 g;

—  Hiéu suét phan tng: 85,85 %.
3.4.1.2. Giai doan carbonyl hoa ethyl phenothiazine

Giai doan nay 1a giai doan carbonyl héa ethyl phenothiazine (2) cho san pham
hop chit trung gian (3). Hiéu suat phan tng:

—  Khbi luong (3) tinh theo 1y thuyét: 0,0480x255,0700 = 12,2400 g;

—  Khdi luong chét rin (3) thu duoc thyc té: 10,0500g;

—  Hiéu sut: 82,10%.
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3.4.1.3. Giai doan brom héa carbonyl phenothiazine

Pay 1a giai doan nay thé brom trén phenothiazine, cho san phim hop chét
trung gian (4). Hiéu suat phan tng:

—  Khdi lugng chét ran (4) theo 1y thuyét: 0,0234x332,9800 = 7,7900 g;

—  Khdi lugng chat rin (4) thuc té: 7,1100 g;

—  Hiéu sut: 91,30%.
3.4.1.4. Giai doan tong hop BEPT

Giai doan nay tao BEPT, phan ung cOng nucleophile cia bromoethyl
phenothiazine carbonyl véi thiosemicarbazide hinh thanh san pham (5) 1a BEPT.
Hiéu suit phan tng:

—  Khdi lugng theo Iy thuyét: 0,01495x405,99220 = 6,06960 g;

—  Khdi lugng chét ran thuc té (5): 4,85000 g;

—  Hiéu suét: 79,90%.
3.4.1.5. Giai doan tong hop phire Ni(II)-BEPT va Cd(11)-BEPT

Két qua phtc Ni(Il)-BEPT:

—  Khbi luong theo 1y thuyét: 0,001232x867,904000 = 1,069258 g;

—  Khdi lugng chét ran thuc té (5): 0,820463 g;

—  Hiéu suét: 76,73%.

Két qua phac Cd(11)-BEPT:

—  Khdi lugng theo 1y thuyét: 0,001232x83,930000 = 1,138210 g;

—  Khdi lugng chét ran thuc té (5): 0,954121 g;

—  Hiéu suét: 83,83%.

3.4.2. Téng hgp BECT va phire Cu(I1)-BECT, Zn(11)-BECT

Tuong tu, qué trinh téng hop BECT di tir tién chat ban dau la carbazole (1)
cling qua bon giai doan phan tng thong qua céc hop chit trung gian. Tat ca cac giai
doan thyc nghiém ching toi da tim ra quy trinh cu thé & cac budc duoc trinh bay
trinh bay trong Phu Iuc 10. Két qua cu thé nhu sau:
3.4.2.1. Giai doan ethyl héa carbazole

Giai doan nay gin nhom ethyl 1én carbazole (1), cho san pham trung gian (2).

Hi¢u suat phan Ung:

104



—  Khdi lugng theo 1y thuyét: 0,1200x195,2600 = 23,4312 g;
—  Khdi luong chét rin (2) thuc té: 22,4000 g;
—  Hiéu suat: 95,59%.

3.4.2.2. Giai doan carbonyl héa ethyl carbazole
—  Khdi lugng theo 1y thuyét: 0,0060x223,2700 = 14,7358 g;
—  Khdi lugng chét ran (3) thuc té: 11,0000g;
—  Hiéu suit: 74,65%.

3.4.2.3. Giai doan brom hoa carbonyl carbazole
—  Khdi lugng theo 1y thuyét: 0,0223x302,1700 = 6,7384 g;
—  Khéi lugng chét ran (4) thuc té: 4,2400 g;
—  Hiéu suét: 62,92%.

3.4.2.4. Giai doan tong hop BECT
—  Khébi lugng theo 1y thuyét: 0,0100x375,2900 = 3,7529 g;
—  Khéi lugng chét ran (5) thuc té: 3,1000 g;
—  Hiéu suat: 82,60%.

3.4.2.5. Giai doan tong hop phirc Cu(11)-BECT va zZn(11)-BECT
Két qua phtrc Cu(I)-BECT:
—  Khdi luong theo 1y thuyét: 0,00070x812,10000 = 0,56847 g;
—  Khdi lugng chét ran Cu(II)-BECT thuc té: 0,40000 g;
—  Hiéu suat: 70,36%.
Két qua phirc Zn(11)-BECT:
—  Khbi luong theo Iy thuyét: 0,00070x83,93000 = 0,56975 g;
—  Khdi lugng chét ran Zn(I)-BECT thuc té: 0,44000 g;
—  Hiéu sut: 77,23%.

3.4.3. X4c dinh ciu tric cia ligand va phirc chit

3.4.3.1. Chu trac caa BEPT
a. Phan tich phé FT-IR (Phu luc 11)

Trén phd FT-IR cta BEPT xuat hién cé4c tin hiéu dic trung ¢ tan sé hap thu

Amax (cm™) cho ra cac dao dong lién két (Bang 3.28).
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O giai doan phan tng nay, cau tric caa BEPT c6 su thay doi dang ké so voi tién

chit trude d6. Dau tién, c6 thé nhan thiy su ving mat nhém chic -CHO ¢ 1672,42

cm't trén phd FT-IR hop chat (4). Mic khac, mét tin hiéu ciing xuat hién & hop chat
(4) tai 3146,43 cm! dic trung cho dao dong lién két -NH. Mot diém chd y nira d6 1a

¢ 1097,14 cm dic trung cho lién két C=S. Piéu nay cho thay qua trinh phan tng voi

BEPT d thanh cong. Cac tin hiéu ¢ ving “d4u vén tay” thay d6i khong dang ké.

Bang 3.28. Két qua phan tich phé FT-IR cia BEPT

STT| Tanso,cm? Loai dao déng Lién két Ghi chu
1 | 3465,00; 3347,00 VN-H N-H NH:
2 3146,43 VN-H NH NH
3 1596,72 Ve=N C=N Azomathine
4 1529,00 ve=c Cc=C Vong thom
5 1462,23 VC-H C-H methylene
6 1245,62 VC-N C-N Amin bac 3
7 1097,14 Vess C=S

b. Phan tich pho 'H-NMR (Phu luc 12)

Phé *H-NMR (500 MHz, DMSO-ds) caa BEPT cho céc tin hiéu cong huéng

cua 15 H nhu sau:

Spm = 1,27 ppm, mii triplet (t), 3H cia nhém CHs, hang sb ghép cap:

_500.(1,283 - 1,255)
2

J =7,0 Hz

Sppm = 3,89 ppm, miii quartet (), 2H ctia nhém CHz, hing s6 ghép cap:

_500.(3,898 - 3,882)
1

J

=6,5 Hz

Sppm = 6,92 ppm, miii doublet (d), 1H lién két voi vong thom, hang sé ghép cip:

_500.(6,932 - 6,915)
1

J =8,5 Hz

Shpm = 6,97 ppm, miii doublet (d), 1H lién két voi vong thom, hang s6 ghép cap:

500.(6,983 - 6,965)
1

J = =9,0 Hz

Spom = 7,31, miii singlet (s), 1H lién két vong thom.

Sppm = 7,33, miii multilet (m), 1H lién két vong thom.
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—  Sopm= 7,47 ppm, miii doublet (d), 1H lién két véi vong thom, hing sé ghép
cap J1 =8,8 Hz, J, = 1,8 Hz.
—  Spm = 7,71 ppm, miii doublet (d), 1H lién két véi vong thom:

500.(7,707 - 7,704)
1

J = =15Hz

—  Spm = 7,92 ppm, mili singlet (s), 1H lién két véi nhom CH=N;
—  Spm= 8,0 ppm, mili singlet (s), 1H lién két ctia nhém chac NHz;
—  Spm= 8,1 ppm, mili singlet (), 1H lién két ctia nhém chac NHz;
—  Sppm= 11,32 ppm, mili singlet (), 1 H caa nhdm chizc NH (lién két N-NH).
c. Phan tich phé 3C-NMR va phé DEPT (Phu luc 13)
Pho *C-NMR (125 MHz, DMSO-ds) két hop véi pho DEPT 90 va CPD cua
BEPT cho cac tin hiéu cong huong cia 16 carbon nhu sau:
— €6 7 C bac 4 xuat hién ¢ cac vi tri 113,9; 122,5; 124,8; 127,9; 142,8;
1449 va 177,7 ppm;
— (6 1C cuanhdém CHs ¢ vi tri 12,3 ppm, mili hap thu cong huéng duong;
— €61 C ctia nhém CH2 & vi tri 41,4 ppm, miii hap thu cong huong am;
— C6 7 C cia nhom CH ¢ vi tri 113,5; 115,2; 117,1; 124,7; 128,8; 130,2;
141,0.
d. Phé HR-MS (Phu luc 14)
Pho khoi phan giai cao (HR-MS) theo phuong phap phun mu dién tir (ESI) - 2
lan MS: (MS-MS), ion hoa duong.
— Tinh toan ly thuyét hop chat BEPT: [M+H]* = 407,0000;
—  Tinh toan pho nghiém: [M+H]* = 406,9988;
—  Sai s6 gitta Iy thuyét va thuc nghiém:
ARE, % = |407,0000 — 406,9988|x100% = 0,12%.
Dua vao két qua phan tich phd FT-IR, 'H-NMR, BC-NMR, ESI-MS két hop
phd DEPT c¢6 thé két luan rang BECT di duoc tong hop thanh cong.
3.4.3.2. Ciu triic ciia phirc chiat Cd(11)-BEPT
a. Phan tich pho FT-IR (Phu luc 15)
Trén pho FT-IR cua phirc chat Cd(11)-BEPT xuat hién cac tin hiéu dic trung o
tan s6 hap thu Amax (cm™) cho cac dao dong lién két trinh bay trong Bang 3.29.
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Sy vang mat caa dao dong 1097 cmt (dao dong cua lién két d6i C=S) trén phod
cua phac chat Cd(11)-BEPT, nhung lai xuét hién trén phé cua BEPT la do lién két
d6i C=S trong BEPT da chuyén thanh lién két don do su tao phirc. Bong thoi, c6 sy

Xuit hién cac dao dong C-S tai tan s6 813,55 cm™ va Cd-S tai tan s6 524,51 cm™.

Bang 3.29. Két qua phan tich phé FT-IR cuia phic Cd(11)-BEPT

STT Tansbé,cm?® | Loai dao ddng Lién két Ghi cha

1 3423,16 VN-H N-H NH>

2 3226,30 VN-H N-H NH>

3 1596,69 Ve=N C=N Azomethine
4 1548,53 ve=c C=C Vong thom
5 1465,38 VC-H C-H Methylene
6 1251,39 VC-N C-N Amin bac 3
7 813,55 ve-s C-S

8 524,51 Ved-s Cd-S

b. Phan tich pho 'H-NMR (Phu luc 16)

Phé H-NMR (500 MHz, DMSO-ds) ctia hop chat Cd(I1)-BEPT cho cac tin
hi¢u cong huong cua 14 H nhu sau:

—  Spm = 1,27 ppm, mili triplet (t), 3H caa nhém CHs, hang sd ghép cap:

500.(1,282 - 1,2563)
2

J =

=6,8 Hz

—  Spm = 3,89 ppm, miii quartet (q), 2H ctia nhém CHz, hing sb ghép cip:

500.(3,913 - 3,878)
2

J= =538Hz

—  Spm = 6,93 ppm, mili doublet (d), 1H lién két véi vong thom:

500.(6,934 - 6,926)
1

J = =8,5 Hz

—  Spm = 6,98 ppm, miii doublet (d), 1H lién két véi vong thom:

500.(6,992 - 6,974)
1

J = =9,0 Hz

—  Spm= 7,32 ppm, mili singlet (s), 1H lién két v&i vong thom;
—  Spm= 7,34 ppm, miii singlet (s), 1H lién két véi vong thom;

—  8ppm = 7,50 ppm, miii doublet (d), 1H lién két voi vong thom;
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500.(7,480 - 7,464)
1

J = =8,0 Hz

—  Spm= 7,72 ppm, miii singlet (), 1H lién két véi vong thom;
—  Oppm= 7,90 ppm, mili singlet (S), 1H ctia nhom chirc CH=N;
—  Oppm = 8,10 ppm, miii singlet (s), 1H cia nhém chirc NHy;
—  Oppm = 8,15 ppm, miii singlet (S), 1H ctia nhom chirc NHy;

c. Phan tich phd 3C-NMR (Phu luc 17)
Phd BC-NMR (125 MHz, DMSO-ds) két hop voi phé DEPT 90, DEPT135
va CPD cua phuc Cd(I1)-BEPT cho céc tin hiéu cong hudng ctua 16 carbon nhu sau:
— C6 7 carbon bac bon xuét hién ¢ cac vi tri 114,0; 122,5; 124,8; 128,7;
142,8; 145,0; 177,3 ppm;
— Co61Ccua nhém CHz ¢ vi tri 12,3 ppm, mii hép thu cong hudng duong;
— C61C cua nhom CHg & vi tri 41,5 ppm, miii hap thy cong huong am;
— €67 C ciianhom CH & cac vi tri 115,2; 117,2; 124,8; 128,1; 128,8; 130,2;
141,4 ppm.

d. Phan tich phé HSQC va HMBC (Phu luc 18)

Ph6 HSQC va HMBC cua phtc Cd(I1)-BEPT cho céc tin hiéu hai chiéu tuong
g véi cac vi tri H, C cia cac phd 'H-NMR va 3C-NMR thé hién trong Phu luc 18
va két qua phan tich phé dugc tong hop trong Bang p18.1.
e. Phan tich phé khoi hrgng HR-MS (Phu luc 19)

Pho khdi phan giai cao (HR-MS) dugc ghi theo phuong phap phun mu dién tir
(ESI) - 2 1an MS: (MS-MS), ion duong.

—  Tinh toan 1y thuyét phirc chat Cd(I1)-BEPT:

[M+H]* = 923,8720 + 1,0078 = 924,8798;
— Thyc nghiém: [M+H]" =924,8783;
—  Sai s6 gitta Iy thuyét va thuc nghiém:
ARE, % = |924,8798 — 924,8783|x100% = 0,15 %.

e. Phé EDX va SEM (Phu luc 20)

Ph6 EDX cho thiy su xuat hién cia Cd trong ciu tric va hinh thai bé mit caa
phirc ciing dugc quan sét trén anh SEM. Dya vao két qua phan tich phd FT-IR, 1H-
NMR, C-NMR, ESI-MS két hop phé DEPT, HSQC va HMBC c6 thé két luan
rang Cd(I1)-BEPT da duoc tong hop thanh cong.
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3.4.3.3. Céu triic phirc chat Ni(I)-BEPT

a. Phan tich phé FT-IR (Phu luc 21)

Trén pho FT-IR cua phtc chat Ni(11)-BEPT xuat hién céc tin hiéu dic trung o

tan s6 hap thu Amax (cm™) cho cac dao dong lién két trong Bang 3.30.

Bang 3.30. Két qud phan tich phé FT-IR cua phirc chat Ni(11)-BEPT

STT Tén s6, cm™® Loai dao dong | Lién két Ghi cha
1 3260,27 VN-H NH NH.
2 3159,09 VN-H NH NH.
3 1596,36 Ve=N C=N Azomathine
4 1529,04 vesc c=C Vong thom
5 1462,90 VC-H C-H Methylen
6 1400,50 VC-H C-H Methyl
7 1250,95 VeN C-N Amin bac 3
8 819,00 vess C-S
9 557,61 VCNi C-Ni

Tuong tu phicc Cd(11)-BEPT, su vang mit cua dao dong tai 1097 cm™ (dao
dong dan lién két doi C=S) trén pho cua phic chat Cd(11)-BEPT, nhung lai xuat
hién trén phd cia BEPT 1a do lién két déi trong C=S trong BEPT d3 chuyén thanh

lien két don C-S do su tao phirc. Pong thoi, ¢ sy xuat hién dao dong C-S tai tan s6
819,00 cm® va Ni-S tai tan s6 557,61 cm™.,

b. Phan tich pho H-NMR cia phirc Ni(11)-BEPT (Phu luc 22)

Phé 'H-NMR (500 MHz, DMSO-ds) cho cac tin hiéu cong huong cua 14 H:

J=

J =

2

J=

1

1

=6,5 Hz

=6,5 Hz

=8,5 Hz

Sppm = 1,25, miii triplet (t), 3H ctia nhém CHs, hing s6 ghép cip J:
500.(1,262 - 1,236)

Sppm = 3,90, miii doublet (d), 2H ctia nhdm CHa, hing sé ghép cip J:
500.(3,874 - 3,861)

Spm= 7,0, mili doublet (d), 1H lién két voi vong thom, hang s6 ghép cip J:

Spm = 6,93, miii doublet (d), 1H lién két v6i vong thom, hang s ghép cap J:
500.(6,919 - 6,902)
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500.(6,971 - 6,954)
1

J= =8,5 Hz

—  Spm= 7,3, miii singlet (s), 1H lién két vong thom;
—  Spm= 7,3, miii doublet (d), 1H lién két vong thom, hang sb ghép cap J:

500.(7,335 - 7,319)
1

J= =8,0 Hz

—  Spm= 7,5, miii doublet (d), 1H lién két v&i vong thom, hang sé ghép ciap J:

500.(7,480 - 7,464)
1

J = =8,0 Hz

—  Oppm= 7,7, miii singlet (s), 1H lién két voi vong thom;

- Oppm= 7,9, miii singlet (s), 1H cta nhém chac CH=N;

—  Oppm= 8,08, miii singlet (S), 1H cua nhom chixc NHy;

—  Oppm= 8,15, miii singlet (S), 1H ctua nhom chirc NHy;
c. Phan tich phé *C-NMR ciia phirc Ni(11)-BEPT (Phu luc 23)

Pho 13C-NMR (125 MHz, DMSO-ds) két hop véi pho DEPT 90, DEPT135 va
CPD cua hop chét (5) cho cac tin hiéu cong huong cua 16 C nhu sau:

— 7 carbon bac bon xuét hién & cac vi tri 113,5; 122,1; 124,4; 142,4; 144,5;

177,1 ppm;

— 1 .C nhém CHs xuét hién & vi tri 11,9 ppm v6i miii cong hudng duong.

— 1 C ctia nhém CHa xuét hién & vi tri 41,1 ppm, mili hép thu cong hudng am.

— 7 C ctia nhém CH xudt hién & cac vi tri 114,8; 116,7; 124,3; 127,5; 128,3;

129,8; 140,7 ppm.

d. Phan tich phé HMQC va HMBC cia phic Ni(11)-BEPT (Phu luc 24)

Phé HSQC va HMBC cua phirc Ni(11)-BEPT cho cac tin hiéu hai chiéu tuong
g Véi cac vi tri H, C cia cac phd 'H-NMR va 3C-NMR thé hién trong Phu luc 18
va két qua phan tich phd duoc tong hop trong Bang p24.1.
e. Phan tich phé khoi lwgng HR-MS (Phu luc 25)

Pho khéi phan giai cao (HR-MS) duoc ghi theo phuong phap phun mu dién
(ESI) - 2 1an MS: (MS-MS), ion duong.

—  Tinh toan ly thuyét phirc chat Ni(I1)-BEPT:

[M+H]* =867,9040 + 1,0078 = 868,9118;
— Thuc nghiém: [M+H]*" = 868,9127;
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—  Sai sb giira 1y thuyét va thyc nghiém:
ARE, % = [868,9118 — 868,9127|x100% = 0,09%.
f. Phé EDX va SEM (Phu luc 26)

Phé EDX cho thay su xuat hién cua Ni trong cau tric va hinh thai bé mat cua
phtrc cling duoc quan sat trén anh SEM.

Dua vao két qua phan tich phd FT-IR, 'H-NMR, 3C-NMR, ESI-MS két hop
phd DEPT, HSQC va HMBC c6 thé két luan rang Ni(11)-BEPT da duoc tong hop
thanh cong.
3.4.3.4. Chu trac cia BECT
a. Két qua pho FT-IR (Phu luc 27)

Phé FT-IR BECT xuit hién cac tin hiéu dic trung ¢ tan s6 hap thu Amax (cm™)
cho ra céc tin hiéu dugc phan tich cu thé & Bang 3.31. O giai doan nay, BECT ¢0 su
thay d6i dang ké vé mat cau tric so véi tién chat trudc do. Pau tién, co thé nhan
thay su vang mat c6 nhém chiic -CHO tai 1681,46 cm™ pho FT-IR hop chat (4).
Mic khac, mot tin hiéu cling xuat hién ¢ giai doan phan tng nay la 3144,40 cm™, 1a
tin hiéu dic trung cua lién két NH. Mot diém cha y nita d6 1a tin hiéu & do hap thu
1088,45 cm?, dic trung cho lién két C=S. Piéu nay co thé giai thich rang, qua trinh
phan ng véi BECT da thanh cong. Cac tin hiéu & ving “dau van tay” khong thay

d6i dang ké.
Bang 3.31. Két qud phan tich phé FT-IR cia BECT
STT | Tansé, cm? Loai dao ddng Lién két
1 3425 VN-H NH
2 3281 VN-H NH
3 3144 VN-H NH
4 2979 VeH C-H
5 1590 VC=H HC=N
6 1526 ve=c C=C (vong thom)
7 1446 Sc-H C-H (dao dong bién dang)
8 1282 VC-N C-N
9 1227 VC-N C-N
10 1088 Ve=s C=S
11 800 VAr-X Ar-X (vong thom mang nhom thé)
12 625 VC-Br C-Br (vong thom mang nhom thé)
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b. Két qua phé *H-NMR (Phu luc 28)

Phd H-NMR (500 MHz, DMSO-ds) ciia BECT cho céc tin hiéu cong husng
ctiia mot sd proton H nhu sau:

—  8n=4,43 ppm, miii quartet (q), hang sé ghép cap:

_ 4,451-4,409

J x500=7,0 Hz

— 84 =7,63 ppm, miii doublet (d), hiang sb ghép cip:

J =(7,636-7,619)x500 =8,5 Hz

— 84 =7,96 ppm, miii doublet (d), hang s ghép cip:

J =(7,966—7,9485) x500 = 8,8 Hz

Phd *H-NMR (500 MHz, DMSO-ds, & ppm), & (ppm): 1,29 (t, J = 7,0 Hz, 3H,
CHs), 4,43 (g, J = 7,0 Hz, 2H, CH»), 7,58 -7,59 (m, 1H, CH vong thom), 7,58 (s,
1H, CH vong thom), 7,63 (d, J = 8,5 Hz, 1H, CH vong thom), 7,96 (d, J1 = 8,8 Hz,
2H, CH vong thom), 8,17 (s, 1H, CH vong thom), 8,22 (s, 1H, NH cta NH>), 8,42
(s, 1H, CH=N), 8,65 (s, 1H, NH ctia NH_), 11,41 (s, 1H, NH). Tong hop so liéu phd
trong bang Phu luc 28.

c. Két qua pho 3*C-NMR, DEPT va CPD (Phu luc 29)

Phé *C-NMR (DMSO-ds,), DEPT 90, 135 va CPD (DMSO-ds) da duoc trinh
bay trong Phu luc 29.

Ph6 3C-NMR (125MHz, DMSO-ds, & ppm) két hop voi phd DEPT 90, 135,
CPD cho thay c6 tong cong 16 tin hiéu twong ung véi 16 carbon, bao gom 1 carbon
tai & (ppm): 13,7 (CHs), 37,3 (CH2), 109,6 (CH), 111,4 (CH), 111,5 (C bac bén),
120,6 (CH), 121,4 (C bac bdn), 123,1 (CH), 124,2 (C bac bdn), 125,6 (CH), 125,9
(bac bbn), 128,4 (CH), 138,7 (C bac bbn), 140,8 (C bac bén), 143,2 (CH) va 177,6
(C bac bén).

d. Két qua phé HR-MS (Phu luc 30)

Pho khéi phan giai cao (HR-MS) duoc ghi theo phuong phap phun mu dién
(ESI) - 2 1an MS: (MS-MS), ion duong.

—  Tinh toan ly thuyét phirc chat BECT:

[M+H]* = 374,0201 + 1,0078 = 375,0279;

— Thuc nghiém: [M+H]" = 375,0260;
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—  Sai sb giira 1y thuyét va thyc nghiém:
ARE, % = |375,0279 — 375,0260|x100 = 0,19%.

Dua vao két qua phan tich phd FT-IR, H-NMR, 3C-NMR, ESI-MS két hop
phd DEPT c6 thé két luan raing BECT da duoc tong hop thanh cong.
3.4.3.5. Céu tric ciia phirc Cu(I)-BECT
a. Két qua phé FT-IR (Phu luc 31)

Trén phd FT-IR phic chat Cu(11)-BECT xuat hién céc tin hiéu dic trung & tan
s6 hap thu Amax (cm™) cho cac dao dong lién két (Bang 3.32).

Sy ving mat cia dao dong tai 1088 cm™ (dao dong lién két d6i C=S) trén phd
cua phic chat Cu(l1)-BECT, nhung lai xuat hién trén phd cua BECT la do lién két
d6i trong C=S trong BECT da chuyén thanh lién két don do sy tao phirc. Pong thoi,

c6 sy Xuat hién cac dao dong C-S tai 869,55 cm* va Cu-S tai 564,56 cm™.

Bang 3.32. Két qud phan tich phé FT-IR cua phizc Cu(11)-BECT

STT | Tansé, cm? Loai dao dong Lién két

1 3078 VN-H N-H
2 1578 V=N HC=N
3 1468 Sc- C-H (dao dong bién dang)
4 1284 VC-N C-N amin bac ba
5 1230 VC-N C-N amin bac ba
6 869 Ve=s C-S
7 798 VAr-X Ar-X (vong thom mang nhom thé)
8 564 VCu-s Cu-S

b. Két qua pho ‘H-NMR (Phu luc 32)

Ph6 'H-NMR (500 MHz, DMSO-ds) ciia BECT cho cac tin hiéu cong huong
ctia mot s6 proton H nhu sau:
—  8u=1,31 ppm, miii triplet (t), hang sb ghép cap:

~ 1,328 - 1,300

J x500=7,0 Hz

—  &u=4,47 ppm, miii quartet (q), hang s6 ghép cip:

4,475 — 4,462

J= x500=6,5 Hz

—  8u=7,7 ppm, miii doublet (d), hang sb ghép cip:
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J=(7,710 - 7,689)x500=8,5 Hz
— 84 = 28,03 ppm, miii doublet (d), hiang sb ghép cip:
J =(8,804 — 8,016)x500=8,5Hz
Phd *H-NMR (500 MHz, DMSO-ds, & ppm), & (ppm): 1,31 (t, J = 7,0 Hz, 3H,
CHa), 4,47 (g, J = 6,5 Hz, 2H, CH2), 7,60+7,65 (m, 1H, H vong thom), 7,63 (s, 1H,
CH=N), 7,70 (d, 1H, J = 8,5 Hz, H vong thom), 8,03 (d, J = 8,5 Hz, 1H, H vong
thom), 8,29 (s, 1H, H cua vong thom ), 8,41 (s, 1H, CH vong thom), 8,52 (s, 1H, H
ciia NH2), 8,68 (s, 1H, H vong thom), 8,7 (s, 1H, NH cua NHz). Téng hop sb liéu
pho *H-NMR dugc trinh bay day du trong Phu luc 32.
c. Két qua pho 3*C-NMR (Phu luc 33)
Phd 3C-NMR (DMSO-dg,), DEPT 90, 135 va CPD (DMSO-ds ) dugc trinh
bay day du trong Phuy lyc 33.
Ph6 1*C-NMR 125 MHz, DMSO-ds, & (ppm) két hop véi phé DEPT 90, 135 va
CPD cho thay c6 tong cong 16 tin hiéu twong tng véi 16 carbon. Tai & (ppm): 13,5
(CHa), 37,2 (CH>), 109,6 (CH), 111,3 (CH), 111,4 (C bac bdn), 121,2 (CH), 122,9 (C
bac bdn), 123,9 (CH), 124,7 (C bac bdn), 125,8 (CH), 128,3 (CH), 128,9 (C bac bén),
138,6 (C bac bdn), 141,0 (C bac bén), 146,4 (CH) va 191,51 (C bac bdn).

d. Phan tich phé HSQC va HMBC (Phu luc 34)

Phé HSQC va HMBC cua phirc Cu(11)-BECT cho céc tin hiéu hai chiéu tuong
rng v&i cac vi tri H, C cua cac phd 'H-NMR va 3C-NMR thé hién trong Phu luc 34
va két qua phan tich phé dugc tong hop trong Bang p34.1.

e. Két qua phoé HR-MS (Phu luc 35)

Pho khéi phan giai cao (HR-MS) duoc ghi theo phuong phap phun mu dién
(ESI) - 2 1an MS: (MS-MS), ion duong.

—  Tinh toan ly thuyét phirc chat Cu(Il)-BECT:

[M+H]* = 808,9541 + 1,0078 = 809,9619;

— Thye nghiém: [M+H]* = 809,9527;

—  Sai s giira 1y thuyét va thuc nghiém: ARE, % = 0,92%.

Dua vao két qua phan tich phé FT-IR, 'H-NMR, 3C-NMR, ESI-MS két hop
phé DEPT, twong tac phd 2 chiéu HSQC, HMBC, k§ thuat lic D20 c6 thé két luan
rang Cu(I)-BECT da duoc tong hop thanh cong.
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3.4.3.6. Céu tric cia phire Zn(11)-BECT
a. Két qua phd FT-IR (Phu luc 36)

Trén phd FT-IR cua phic chat Zn(11)-BECT xuat hién cac tin hiéu dic trung &
tan s6 hap thu Amax (cm™) cho cac dao dong lién két (Bang 3.33).

Bang 3.33. Két qud phan tich phé FT-IR cua phizc Zn(11)-BECT

STT | Tansé, cm? | Loai dao ddng Lién két

1 3166 VN-H N-H

2 1501 VeaN C=N

3 1468 Sc-H C-H (dao dong bién dang)

4 1224 Ve C-N

5 1148 Ve C-N

6 1018 vess C=S

7 693 VArX Ar-X (vong thom mang nhoém thé)
8 621 VZns C-Br

Sy vang miat caa dao dong tai 1088 cm™ (dao dong cua lién két déi C=S) trén
phd cua phirc chat Zn(11)-BECT, nhung lai xuat hién trén phé cua BECT la do lién
két d6i trong C=S trong BECT di chuyén thanh lién két don do su tao phuc. Pong

thoi, €6 su xuat hién cua dao dong Cu-S tai 621,95 cm™.

b. Két qua phd *H-NMR (Phu luc 37)

Pho 'H-NMR (500 MHz, DMSO-dg) cua Zn(I1)-BECT cho céc tin hiéu cong
huong ciia mot s6 proton H nhur sau:

— 81 =1,30 ppm, mii triplet (t), hing sé ghép cip:

3,313 - 1,284

J x500=7,3 Hz

3 = 4,44 ppm, mili quartet (q), hang s6 ghép cap:
4,464 — 4,424

J x500=6,7 Hz

81 =7,96 ppm, miii doublet (d), hing sé ghép cip:

J =(7,968 — 7,951)x500=8,5 Hz
81 =7,96 ppm, miii doublet (d), hing sé ghép cap:

J =(7,968 — 7,951)x500=8,5 Hz

116



Pho 'H-NMR, 500 MHz, DMSO-ds, & (ppm): 1,30 (t, J = 7,3, 3H, CHs), 4,44
(9, J = 6,7 Hz, 2H, CHy), 7,56+7,67 (m , 3H, vong thom), 7,96 (d, J = 8,5 Hz, 1H,
vong thom ), 7,99 (s, 1H, NH>), 8,23 (s, 1H, NH>), 8,23 (s, 1H, CH=N), 8,45 (s, 1H,
vong thom), 8,65 (s, 1H, vong thom). Téng hop sé liéu theo Phu luc 37.

c. Két qua pho *C-NMR (Phu luc 38)

Ph6 3C-NMR (DMSO-ds,) va DEPT 90, 135 va CPD (DMSO-ds) duoc trinh bay
trong Phu luc 38. Phd 3C-NMR 125 MHz, DMSO-ds, 5 (ppm) két hop vai phd DEPT
90, 135 va CPD cho thay c6 téng cong 16 tin hiéu twong tng voi 16 carbon. Tai &
(ppm): 13,7 (CHa), 37,4 (CHy), 109,7 (CH), 111,4 (C bac bdn), 111,6 (CH), 120,7
(CH), 121,5(C bac bén), 123,2(CH), 124,2(C bac bdn), 124,4(C bac bbn), 125,7 (CH),
128,5 (CH), 138,0 (C bac bén), 140,9 (C bac bbn), 143,8(CH), 177,0 (C bac bbn).

d. Phan tich phé HSQC va HMBC (Phu luc 39)

Pho HSQC va HMBC cua phic Zn(11)-BECT cho céc tin hiéu hai chiéu tuong
rng v&i cac vi tri H, C cua cac phd 'H-NMR va 3C-NMR thé hién trong Phu luc 39
va két qua phan tich pho duoc tong hop trong Bang p39.1.

e. Két qua pho HR-MS (Phu luc 40)

Ph6 khéi phan giai cao (HR-MS) duoc ghi theo phuong phap phun mu dién
(ESI) - 2 1an MS: (MS-MS), ion duong.

—  Tinh toan ly thuyét phtrc chat Zn(II)-BECT:

[M+H]* = 809,9537 + 1,0078 = 810,9615;

—  Thyc nghiém: [M-+H]* = 810,9610;

—  Sai sb giira 1y thuyét va thuc nghiém: ARE, % = 0,05%.

Dua vao két qua phan tich phé FT-IR, 'H-NMR, 3C-NMR, ESI-MS két hop
phd DEPT, tuong tac pho 2 chiéu HSQC, HMBC, k§ thuat lac D20 c6 thé két luan
rang Zn(I)-BECT da duoc tong hop thanh cong.

3.5. XAC PINH HANG SO BEN CUA PHUC VA PANH GIA MO HINH
3.5.1. Phirc chat Ni(II)-BEPT va Cd(11)-BEPT

3.5.1.1. Khao sat tham do

Khao sat tham do cho thiy qua trinh tao phic dién ra rat nhanh dua trén hién

tugng thay doi mau sic gitta BEPT ban dau va cac phtc chat caa Niz* va Cd?*.
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Bang 3.34. Theo dbi mau sdc cua sir tao thanh phuc

Ligand/ phirc Quan sat

cua kim loai | Tgc thoi | 15 phat 30 phut 60 phut 120 phut
BEPT Vang xanh | Vang xanh | Vang xanh | Vang xanh | Vang xanh
Ni(I1)-BEPT | Vang nhat | Vang nhat | Vang nhat | Vang nhat | Vang nhat
Cd(IN)-BEPT |Vangdam | Vang dam | Vang dam | Vang dam | Vang dam

3.5.1.2. Phirc chat Cd(I)-BEPT

a. Khao sat Amax

Phé dugc quét trong khoang budc song tir 200 dén 600 nm (Hinh 3.16).

0.7 4

— BEPT
—— Cd* 6 ppm

0.6 -
—— Cd” 10 ppm

0.5

0.4

0.34

0.24

0.1+

0.0 1 T T T T
200 300 400 500 600

A, nm

Hinh 3.16. Phé UV-Vis cia BEPT va phizc chat Cd(11)-BEPT

Dung dich ion kim loai Cd?* dugc khao st ¢ hai nong d6 6 ppm (3 mL) va 10
ppm (5 mL) c6 kha ning hap thu quang manh & buéc song 242 va 408 nm; va cua
BEPT la 342 nm. Tuy nhién, tai budc séng 242 nm ion kim loai bi anh huong cua
peak ligand thip hon, va tai day do hap thu quang thuong khong on dinh, d& bj
nhidu. Vi vay, budc song téi vu tai 408 nm dwoc chon va tai ddy chat phan tich
khong bi anh huéng cua cac chat tham gia phan tmg nhu BEPT, KNOs. Nhu vay,

chon budc song 408 nm dé khao sat cac budc tiép theo.
b. Khao sat pH

O giai doan tham do, dinh tinh qua mau sac phtc va d6 hap thu quang (A) cho
thdy sy tao phuc tot hon & pH > 7, do d6 chon pH = 7+11. Tuy nhién, ching toi
cling do tai pH = 6 dé kiém chimg diéu nay qua gid tri hap thu quang va dé phuc vu
cho viéc xac dinh hang sé bén. Két qua duoc trinh bay trong Bang p41.3 caa Phu
luc 41 va biéu dién trén Hinh 3.17.
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Hinh 3.17. Anh huong cia pH dén dé hap thu quang cua phirc Cd(11)-BEPT

Nhu vay, pH 1a mét yéu t quan trong, anh huong dén do hap thu quang cua
chat tao thanh. pH thay di thi mat d6 quang ciing thay d6i, khi thay d6i pH tir 6 dén
11 thi d6 hap thu quang ciing ting dan réi giam. Dua vao biéu do ta thay tai pH = 9
thi do hap thu quang 1a 16n nhat ¢ ca hai nong d6 khao sat.

Nhu da trinh bay, trong dung dich thiosemicarbazone cé thé ton tai ¢ dang
thione hodc thiol theo can bang (hinh 1.3) [71]. Trong diéu kién, pH > 7 s& thuan loi
cho qua trinh tao phic khi proton cua N vi tri 4 s& chuyén dich qua luu huynh va
tuong tac d& dang véi OH- (do pH > 7) nén tao ra phdi tir hai cang mang dién tich
va tir d6 hai dang phéi tir trén co thé tao phirc hai cang vai cac ion kim [71], [137].
Tuy nhién qua trinh tao phuc t6t nhat & pH = 9 1a vi & pH < 9 néng d6 OH~ khong
du twong tac voi proton caa BEPT dan dén kha ning tao phic co han ché. Nguoc
lai, khi pH > 9 lwong OH~ du dan dén kha nang tao phuc hydroxo hoic tao phic véi
chinh ion kim loai Cd?* diéu nay ciing anh hudng dén kha nang tao phuc caa hé. Do
d6, lya chon pH = 9 cho cac khao sét tiép theo.

c. Khao sat luc ion

Két qua khao sat sy phu thudc cua do hap thu quang vao luc ion duogc trinh
bay trong Bang p41.6 cia Phu luc 41 va biéu dién trén Hinh 3.18.

Cd* 6 ppm ods Cd?*" 10 ppm / 0.60
g L 045
/ / / \ \\\ 0.30
/ J \ <
7ﬂ \ 0.15
y - 7TK r/ N\ \ \ : 0.00
e Ay \ \J 0,005
/ N g L/,_f\\ { U 1 L 0.025 @
{jik " 7 A S
- LJ7/ N7 f00rs o*
MY ’ o \/
7 - \ 7 025
200 300 ‘ ‘ \ 200 300 400 500 600

Hinh 3.18. Anh hwong cua luwec ion dén do hdp thu quang cua phizc Cd(11)-BEPT
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Két qua cho thdy luc ion c6 anh huong dén do hap thu quang. Ly ion anh
huong dén hé sé hoat d6 cua ion Cd?* trong dung dich va dwgc tinh toan qua dinh
luat Debye-Huckel [38]. Khi nong do KNOs 16n, lec ion s& Ion tir d6 hé sé hoat do
tinh toén s& nho do d6 anh hudng dén kha niang hoat dong cua ion kim loai trong hé
boi Vi tat ca cac ion trong hé déu chiu tac dong chung cing mot luc ion (Pinh luat
Lewis — Randall). Mat khac, khi nong d6 KNOs qué nhé, mac du sy phan ly KNO3
la hoan toan, lyc ion s& I6n va hé sé hoat do 16n nhung khéng du lwong K* twong
tac vai Cd?* gop vao kha ning tao phirc. Nhu vay, KNOs nhan gia tri 0,01 M theo
thuc nghiém 1a du dé kha ning tao phic tét nhat dua trén gia tri quang do duoc.
Trong truong hop nady, ching t6i chon luc ion véi gia tri ndng do KNO3 0,01 M dé
khao sat tiép theo.

d. Khao sat nong 46 BEPT

Két qua khao séat nong do thudc thi BEPT ¢ hai mic néng do cua Cd?* 1a 6
ppm va 10 ppm va d6 hap thu quang duoc trinh bay trong Bang p41.8 cua Phu luc
41 va biéu dién trén Hinh 3.19.

Két qua cho thay rang khi nong do thudc thir dat dén 20 ppm thi d6 hap thu
quang hau nhu khong dbi. Do d6, trong cac khao st chiing t6i chon nng d6 ligand

la 20 ppm tuong tng 10 mL tir nong do dau 50 ppm.

05 Cd* 10 ppm A 0.60
0.4 \\ ! 0.45
03 k\\ 030
02 < ~ .\ <
o1 0.15
30 \ C* 730
\ M=~ Y5
<K D— N
& \J T é&
5= 15 9
N 10
500 600

Hinh 3.19. Anh huong nong dé BEPT dén do hdp thy quang cia Cd(11)-BEPT
e. Khao sat thoi gian bén mau caia phirc
Két qua khao sat thoi gian bén mau duoc chi ra trong Bang p41.10 ¢ Phu luc
41 va biéu dién nhu Hinh 3.20.
Thuce té khao sat dinh tinh thdng qua mau sic caa phuc chat cho thiy phuac bén

mau trong khoang thoi gian kha dai (khoang 72 gio). Dua trén két qua do quang cho
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thiy rang phuc sau 60 phat c6 thé bi anh huéng do su tac dong cua anh sang kém
theo su oxy hda do su khuéch tan khdng khi vao bén trong dung dich. Tuy nhién,

day 1a khoang thoi gian kha dai da dé khao sét va phan tich.
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t, phat
Hinh 3.20. Thoi gian bén mau cuia phizc Cd(11)-BEPT
f. Xac dinh cong thirc phirc theo phwong phap Job

Trong phuong phéap nay, tong nong d6 mol cua hai chat phan tng dugc giir
khong ddi nhung ty 18 cta chung thay doi. Tur d6 ta c6 duogc ty 1& mol cua kim loai
trén tong cua kim loai va BEPT. Két qua duoc chi ra trong Bang p41.11 & Phu luc
41 va Hinh 3.21a.

0.6

0.4+

0.2

0.0

00 02 04 06 08 10
M/(M+L) L/M

(a) Két qua theo phuong phap Job (b) Két qua theo phuong phap ty 16 mol
Hinh 3.21. Két qua do quang cong thic phizc Cd(11)-BEPT
Khao sat cho thay gia tri do hip thu quang lén nhit tai ty 1& mol cua
Cd?*/(Cd?+ BEPT) xap xi bang 0,3 twong ung véi ty 18 1/3. Pidu nay c6 nghia 1a
mot ion kim loai sé& lién két voi hai ligand dé tao thanh hop chat phuac véi cong thirc
la ML..
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g. Xac dinh cong thirc theo phwong phap ty 1€ mol

DPé dam bao chic chan hon trong két qua nghién cau, tiép theo dung phuong
phap ty 1& mol dé xac dinh cong thirc phirc. Trong phuong phéap nay, ching toi s& ¢b
dinh ndng d6 kim loai va thay d6i ndng do thudc thir thdng qua viéc thay doi thé
tich. Két qua dugc trinh bay trong Bang p41.12 & Phy luc 41 va Hinh 3.21b.

Nhu vay, két qua khao sat cho thdy do hap thu quang dat gi4 tri 16n nhit va
khong ddi tai ty 16 mol cuaa BEPT/Cd?* xap xi bang 2 twong tng Véi ty 16 2/1. Bidu
d6 ciing c6 nghia 1a mot ion kim loai s& lién két véi hai ligand dé tao thanh hop chat
phtrc. Nhu vay, phuong phap nay ciing cho két qua céng thirc phizc MLo.
3.5.1.3. Phirc chat Ni(II)-BEPT

a. Khao sat 7\,max

Mot cach tuong ty, tién hanh quét pho trong khoang budc song tir 200 dén 600
nm. Két qua dugc biéu dién qua Hinh 3.22.

0.9+

| — BEPT
0.8 - —— Ni** 6 ppm
1 —— Ni** 10 ppm
0.7 - PP
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A, NM
Hinh 3.22. Phé UV-Vis ciia BEPT va pherc chat Ni(11)-BEPT

Nhu vay, khi tién hanh quét budc séng tir 200 dén 600 nm. Phirc Ni(l1)-BEPT
duoc khao sat voi hai ndong do Ni2* 1a 6 ppm va 10 ppm. Két qua cho thay dung dich
phtc ¢6 kha ning hap thu quang cao ¢ budc song 262 va 424 nm. Tuy nhién, tai
buéc séng 262 nm ion kim loai anh huong cua peak thudc thir, va tai day mat do
quang thuong khong on dinh, dé bi nhidu. Vi vay chon buéc song 424 nm dé khao
sat cac budc tiép theo.
b. Khao sat pH

Tuong ty nhu phic Cd(I1)-BEPT, & giai doan thim do dinh tinh qua mau séc
phtic va céc gia tri A cho thiy sy tao phic tot hon ¢ pH > 7. Do d6, su lua chon pH
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dé do trong truong hop nay 1a pH = 7+11. Tuy nhién, & budc ndy ching toi ciing do
tai pH = 6 dé so sanh. Két qua dugc trinh bay trong Bang p41.4 cua Phu luc 41 va
biéu dién nhu Hinh 3.23.

Ni** 6 ppm i 0.60 Ni** 10 ppm
. : 0.45
N
\ \ 0.30
< /1
NV \ \ 0.15 / =
) 17 / : | s ]
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A, nm A, nm

Hinh 3.23. Anh hwrong cua pH dén dé hap thu quang cua phic Ni(11)-BEPT

Két qua cho thay rang, khi thay d6i pH tir 6 dén 11 thi d6 hap thu quang ting
dan rdi lai giam. Dua vao biéu do, ching t6i nhan thay tai pH = 9 d6 hap thu quang
la 16n nhat ¢ hai ca nong do khao sat. Do dé, chung tdi lya chon pH = 9 cho céc
khao sat tiép theo.
¢. Khio sat lyc ion

Khao séat su phu thudc cua luc ion vao do hap thu quang duoc trinh bay trong
Bang p41.6 cia Phu luc 41 va biéu dién trén Hinh 3.24.

Luc ion duoc khao sat qua KNOs & cac ndng do khac nhau, két qua ciing ciing
cho thay rang tai nong d6 KNO3 0,01 M giéng két qua cua phic Cd(I1)-BEPT thi
gia tri d6 hap thu quang la cuc. Vi vay, ching t6i chon lec ion véi gia tri ndng do
KNO;z 0,01 M dé khao sat budc tiép theo cho phuc nay.

2+ /
Ni** 6 ppm ; 0.65 Ni** 10 ppm /
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Hinh 3.24. Anh hurong luc ion dén dé hap thu quang cia Ni(11)-BEPT

123



d. Khio sit nong do BEPT

Két qua khao sat nong d6 thudc thir BEPT & hai mac nong do khéc nhau 6
ppm va 10 ppm véi céc ion Ni?* tao phuc va do do hap thu quang duoc trinh bay
trong Bang p41.8 cua Phu luc 41 va biéu dién trén Hinh 3.25.

Ni** 6 ppm ‘ 0.65 Ni** 10 ppm i 0.75

Hinh 3.25. Anh hwong nong dé BEPT dén dé hap thy quang cia Ni(11)-BEPT

Két qua cho thay, véi nong do BEPT khoang trén 17,5 ppm thi d6 hap thu
quang 6n dinh va khong thay d6i. Twong ty nhu phtic Cd(11)-BEPT, trong truong
hop nay chdng t6i chon nong do ligand 1a 20 ppm dé khao sat trong tng véi 10 mL
nong do ban dau 50 ppm.

e. Khao sat thoi gian bén mau caa phic

Két qua khao sat thoi gian bén mau duoc chi ra trong Bang p41.10 cia Phu luc
41 va biéu dién trén Hinh 3.26. Hoan toan tuwong tu, két qua khao sat thoi gian bén
mau théng qua gia tri do hap thu quang cua phuc, c6 thé két luan rang viéc thuc
nghiém trong khoang thoi gian sau 15 phat dén trude 60 phut thi do hap thu quang

on dinh nhat,
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Hinh 3.26. Thoi gian bén mau cua phizc Ni(11)-BEPT qua dé hdp thu quang
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f. Xac dinh cong thac phire theo phwong phap Job

Két qua duoc chi ra trong Bang p41.11 cua Phu luc 41 va nhu Hinh 3.27a. Tur
két qua khao sat cho thay d6 hap thu quang 16n nhat tai ty 16 mol cua NiZ*/(Ni%* +
BEPT) xép xi bang 0,3 twong (g véi ty 18 1/3. Tac 1a mot ion kim loai sé lién két
vé6i hai ligand dé tao thanh hop chit phirc ¢6 mau vang. Nhu vay, c6 thé khing dinh
cong thac cua phuc qua phuong phap Job 1a MLo.

g. Xac dinh cong thirc phirc theo phwong phap ty 1€ mol

Mot cach twong ty, thuc hién phuong phéap nay gidng phac Cd(11)-BEPT. Két
qua duoc chi ra nhu Bang p41.12 cta Phu lyc 41 va nhu Hinh 3.27b.

Két qua nhan duoc cho thay do hap thu quang cao nhat khi ty Ié mol cua
BEPT/Ni?* xap xi bang 2 tuwong ung vai ty 1& 2/1. Tac 1a mot ion kim loai s& lién
két voi hai ligand BEPT dé tao thanh hop chat phtrc. Nhu vay, theo phuong phap
nay cong thicc van 1a MLz, Do d6, cong thic cua phic chat hoan toan phl hop
mong doi ban dau.
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(a) Két qua theo phuong phap Job (b) Két qua theo phuong phap ty 1& mol
Hinh 3.27. Két qud do quang cua phitc Ni(11)-BEPT
3.5.1.4. Hang s6 bén ciia phirc Cd(I11)/Ni(I11)-BEPT va danh gia mo hinh
Dua vao phd UV-Vis cua sy tao phic Cd(11)-BEPT va Ni(l)-BEPT, sir dung
cong cu Datan 3.1 tinh toan hang s6 bén cho két qua nhu Bang 3.35.

Bang 3.35. So sanh gia tri logf12 thuc nghiém va du dodan cdc phiic

) Du doan
STT | Ligand Kim loai | Thuc nghiém
QSPRmLR QSPRANN
1 BEPT Ni(ll) 11,1400 8,9813 11,9612
2 BEPT Cd(l) 11,8900 8,3473 11,8360
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Str dung phuong phap ANOVA moét yéu td, so sanh cac gia tri hang sé bén
(logB12) thuc nghiém va du bao tir hai mo hinh MLR, ANN. Déi véi phirc Ni(ll)-
BEPT nhan gia tri F = 0,2014 < Fo 05 = 18,5128 va cua Cd(11)-BEPT la F = 1,0628 <
Foos = 18,5128. Piéu d6 cho thay rang céc gia tri thuc nghiém nay khéng c6 su

khac biét so véi cac gia tri du béo.

Hinh 3.28. So sanh hang sé bén cua phizc CdL, va NiLz trong nghién ciu véi cac
gia tri tur thuc nghiém khac va gia tri du doan
Trén co s& két qua thu dugc, c6 thé thdy rang gia tri thuc nghiém rat gan véi
gia tri du doan tir hai md hinh QSPRmLr va QSPRann ctia nhdm dir liéu thir 2 thudc
ML2. Bén canh do, c6 thé so sanh két qua thuc nghiém véi céc gié tri hang sb bén
cua cac phuc khac theo Phu luc 43, Hinh 3.28. Tur két qua cho thay rang, véi cac
phtic thyc nghiém trong luan an khi gan vi tri R4 v6i dan xuat phenothiazine c6 cau

trdc di vong phiic tap hon sé& cho céc gid tri hang sé bén Ion hon.
3.5.2. Phitc chit Cu(I)-BECT va Zn(11)-BECT

3.5.2.1. Khao sat tham do

Khao sat tham do cho thdy qua trinh tao phtc dién ra rat nhanh duwa trén su

thay d6i mau sic giira ligand ban dau va cac phirc ciia Cu?* va Zn?*,

Bang 3.36. Theo ddi mau sdc cua su tao thanh phizc

Ligand/ phirc Quan sat

cia kimloai | Tgcthoi | 15 phuat 30 phut 60 phut 120 phat
BECT Vang nhat | Vang nhat | Vang nhat | Vang nhat | Vang nhat
Cu(I)-BECT | Vang xanh | Vang xanh | Vang xanh | Vang xanh | VVang xanh
Zn(I)-BECT | Vangtuoi | Vangtuoi | Vangtuoi | Vang tuoi | Vang tuoi
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3.5.2.2. Phitc chat Cu(I)-BECT

a. Khao st Amax

Phé duogc quét trong khoang budc séng tir 200 d¢én 600 nm. Dung dich ion kim
loai Cu?* duogc khao sat & hai nong do 4 ppm va 6 ppm. O ca hai nong d6 nay, phtc
Cu(l1)-BECT hap thu cuc dai & budc séng 394 nm. Vi vay, chon budc song téi uu
gia tri nay cho cac budc khao sét tiép theo.

1.0

—— BECT
—— Cu* 4 ppm
0.8 —— Cu* 6 ppm

0.6 |

<
04

0.2

00 T T T T
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A, NM

Hinh 3.29. Phé UV-Vis cia BECT va phuc chat Cu(l1)-BECT

b. Khao sat pH

O giai doan tham do, dinh tinh qua mau sic phuc va do hap thy quang cho
thdy su tao phic xay ra dé dang & pH > 7. Do d6, ching t6i lva chon pH dé khao
st tir 7 dén 11. Bén canh d6, ciing giéng nhu phuc giita Cd(11) va Ni(ll) véi BEPT,
ching t6i ciing khao sat tai pH = 6 dé so sanh va xac dinh hang s bén dugc trinh

bay trong Bang p42.3 cta Phu luc 42 va biéu dién trén Hinh 3.30.

Cu* 4 ppm Cu® 6 ppm 08

KA/ "o \ 0.2
A Ve \,

x/\ / [\ \ "\
»/\.,,,f/ [\ \
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VA
200 300 400 200 300 400 500
A, nm A, nm

Hinh 3.30. Anh hurong pH dén dé hap thu quang cia Cu(ll)-BECT
Khi thay d6i pH tir 6 dén 11 thi do hap thu quang tang dan roi giam. Dya vao
biéu d6 tai pH = 8 thi do hap thu quang Ia I6n nhit ¢ hai nong d6 khao sat. Do do,
chang t6i lya chon pH = 8 cho céc khao sét tiép theo.
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c. Khio sat luc ion

Két qua khao sét su phu thuoc cua luc ion (st dung dung dich KNOs) vao do
hip thu quang duoc trinh bay trong Bang p42.6 cua Phu luc 42 va Hinh 3.31. Lyc
ion ¢6 anh huong dén do hap thu quang do d6 s& anh hudng dén kha ning tao phirc
Cu(l1)-BECT. Trong trudng hop nay, ching ti nhan thay rang & cac nong d6 KNO3
gan 0,01 M thi d6 hap thy quang caa phuc 13 16n hon so véi cac ndng d6 khac. Nhu

vay, chon lyc ion véi nong d6 KNO3 0,01 M dé khao sét tiép theo.

Cu” 4 ppm / i 07 Cu* 6 ppm /
7, ‘ 0.6 /

A 05 /

04 <

03

0.2

01

A~ /0,005

600 200 300

Hinh 3.31. Anh huwong luc ion dén dé hap thy quang cia Cu(11)-BECT
d. Khio sat nong @9 BECT

Két qua khao sat nong do thudc tha BECT ¢ hai mac nong do khac nhau cua
Cu?* 1a 4 ppm va 6 ppm va do do hap thu quang duoc trinh bay trong Bang p42.8

cta Phu luc 42 va biéu dién trén Hinh 3.32.

Cu® 4 ppm 05 Cu®™ 6 ppm // 038
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Hinh 3.32. Anh huong cia nong dé BECT dén dé hap thu quang cia Cu(l1)-BECT

Két qua cho thay, véi néng do6 BECT khoang trén 16 ppm thi do hap thu
quang 6n dinh va khong thay doi. Trong truong hop nay ching t6i chon nong do

ligand 1a 16 ppm dé khao sat twong ng véi 8 mL nong d6 ban dau 50 ppm.
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e. Khao sat thoi gian bén mau caa phire

Khao sét thoi gian bén mau ciing duoc thuc hién ¢ hai ndng do ion 1a 4 ppm
va 6 ppm. Khao sét thoi gian bén mau duoc chi ra trong Bang p38.10 cua Phu luc
38 va biéu dién trén Hinh 3.33.

1.0
08{ o
< 0.6

0.4+

0O 10 20 30 40 50 60
t, phat

Hinh 3.33. Thoi gian bén mau cua phizc Cu(ll)-BECT

Khao sét cho thiy phirc bén mau trong thoi gian tir 5 dén 60 phit thi do hap thu
quang thay doi khong dang ké. Thuc té quan sét cho thay phac bén mau trong khoang
72 gio khi bao quan kin va tranh anh sang. Vi khoang thoi gian bén mau nay co thé
sir dung ligand BECT d¢é phan tich c4c ion kim loai bang phuong phap trac quang. Do
do, trong thuc nghiém ching t6i ¢é ging thyuc hién trong khoang 60 phut dau.

f. Xac dinh cong thirc phirc theo phwong phap Job

Khao sat cho thay tai ty 1& mol ciia Cu?*/(Cu?*+ BECT) xap xi bang 0,3 nhan
duoc gié tri ¢6 hap thu quang 16n nhat. Nhu vay, tuong @ng véi ty Ié caa ion kim
loai va ligand 1a 1/3. Ttc 1a mot ion kim loai s& lién két véi hai ligand dé tao thanh
hop chat phirc ¢6 mau vang. Nhu vay, cdng thic cia phirc 1a MLz, Két qua duoc chi
ra trong Bang p42.11 cua Phy lyc 42 va Hinh 3.34a.

1.0 0.8+
0.8+ 0.6.
0.6 <
< 0.4.
0.4
021 0.2
0.0 . — T T T y 0.0+ .
0.0 0.2 0.4 0.6 0.8 1.0 3 4
M/(M+L) L/M

(a) Két qua theo phuong phap Job (b) Két qua theo phuong phap ty 1¢ mol

Hinh 3.34. Két qua do dé hap thu quang cia phitc Cu(l1)-BECT
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g. Xac dinh cong thirc phirc theo phwong phap ty 1€ mol

Khao sét cho thdy do hap thu quang Ién nhat va khong thay ddi tai ty 1& mol
cuia BECT/Cu?* xap xi bang 2 twong ¢tng Véi ty 18 2/1. Tac 1a mot ion kim loai s&
lien két voi hai ligand dé tao thanh hop chit phirc. Nhu vay, phuong phéap ndy ciing
cho két qua cong thic phuc ML,. Két qua duoc chi ra trong Bang p42.12 cua Phu
luc 42 va Hinh 3.34b.

3.5.2.3. Phirc chat Zn(11)-BECT

a. KhﬁO S{lt ;\.max

Tién hanh quét phd trong khoang buéc séng tir 200 dén 600 nm duogc biéu
dién trén Hinh 3.35. Dung dich Zn?* & hai ndng do twong ¢tng 3 ppm va 5 ppm c6
kha niang hap thu quang cao ¢ budc séng 276 va 410 nm. Tuy nhién, tai buéc song
276 nm ion kim loai anh huong caa peak thude thtr, va tai diy mat d6 quang thuong

khdng 6n dinh, d& bi nhidu. Vi vay chon budc soéng 410 nm dé khao sat cac budc

tiep theo.
0.8
——BECT
—— Zn** 3 ppm
——Zn” 5 ppm
0.6
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Hinh 3.35. Phé UV-Vis cia BEPT va phizc chat Zn(11)-BECT
b. Khao sat pH

Tuong tuy nhu phuc Cu(11)-BECT, ching tdi dua trén dinh tinh qua mau sic
phirc ¢ giai doan thim do va do do hap thu quang cua phuac hinh thanh. Két qua
cho thay sy tao phtrc tot & pH > 7. Bang cach tuong ty nhu cac phuc trude do,
ching tdi lra chon pH = 6+11 dé khao sat va sir dung nong d6 ion Zn?* & 3 ppm
va 5 ppm. Két qua duoc trinh bay trong Bang p42.4 cua Phu luc 42 va biéu dién
trén Hinh 3.36.
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Zn* 3 ppm

200 300

Hinh 3.36. Anh hurong pH dén dé hap thu quang cua Zn(11)-BECT
Khi thay doi pH tir 6 dén 11 thi d6 hap thu quang tang dan roi giam. Dya vao
biéu dd, tai pH = 8 do hap thu quang Ién nhét ¢ hai ca nong d6 khao sat. Do do,
chang t6i lya chon pH = 8 cho céc khao sét tiép theo.
c. Khao sat luc ion
Khao sét sy phu thudc luc ion (st dung dung dich KNO3) va d6 hap thu quang
duoc trinh bay trong Bang p42.6 cua Phu luc 42 va biéu dién trén Hinh 3.37.

Zn* 3ppm /

74
A
200 300 400 400
A, M A, NM

Hinh 3.37. Anh hwong luc ion dén dé hap thu quang cia Zn(11)-BECT

Lyc ion ¢6 anh huéng dén kha ning tao phtc va sy anh huong nay rd rét &
nong d6 0,01 M. Do d6, trong trueong hop nay chdng tdi chon luc ion véi néng do
KNOs nay dé khao sat tiép theo.
d. Khao sat ndong d¢ ligand BECT

Khao sat anh huong néng do cua thude tha BECT véi hai mic nong do cua
ion Zn?* 12 3 ppm va 5 ppm va do do hap thu quang A dugc trinh bay trong Bang
p42.8 cuia Phu luc 42 va biéu dién trén Hinh 3.38.
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Zn* 3 ppm

200 300 400 500 600

Hinh 3.38. Anh hudng nong dé BECT dén dé hap thu quang cua Zn(11)-BECT

Khao sat cho thdy ¢ nong do 3 ppm thi véi ndng d6 ligand trén 14 ppm thi do
hap thu quang 1a khong doi. Tuy nhién, & nong d6 5 ppm thi nong do6 BECT trén 16
ppm méi khong doi. Do d6, ching t6i chon nong d6 caa BECT dé khao sat 1a 16
ppm tuong tng voi 8 mL.
e. Khao sat thoi gian bén mau cia phic

Dir liéu khao sat thoi gian bén mau duoc chi ra trong Bang p42.10 cua Phu luc
42 va biéu dién trén hinh 3.39.

0.7 1
--=--3ppm
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t, phut
Hinh 3.39. Thoi gian bén mau cua phizc Ni(11)-BEPT qua dé hdp thu quang
Két qua trén cho thay vé quan sat cam quan mau sic thi phtc c6 thé bén mau
trong thoi gian dai (kéo dai dén 72 gio). Tuy nhién, do hap thu quang cho thay phan
ring tao phirc xay ra rat nhanh nhung 6n dinh nhat trong khoang thoi gian tir 15 dén
40 phut. Do d6, chung t6i ciing da chi y khoang thoi gian nay dé thuc nghiém phan
g tao phuc khi x4c dinh hing sb bén.
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f. Xac dinh cong thac phire theo phwong phap Job
Dir liéu khao sat trinh bay trong Bang p42.11 ctua Phu luc 42 va Hinh 3.40a.

Tir khao sat cho thay ty 1é mol cia Zn?*/(Zn?* + BECT) xap xi bang 0,3 twong
g véi ty 16 1/3. Tac 1a ca mot ion kim loai s& lién két véi 2 ligand dé tao thanh

hop chét phirc c6 mau vang.
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(a) Két qua theo phuong phap Job (b) Két qua theo phuong phap ty 1¢ mol

Hinh 3.40. Két qud do dg hdp thu quang cua phizc Zn(11)-BECT

g. Xac dinh cong thirc phirc theo phwong phap ty 1€ mol

Tiép theo, ching t6i ciing dung phwong phap ty 1&é mol dé xac dinh cong thic
phtic. Trong phuong phap nay, ching toi s& ¢d dinh nong do ion kim loai va thay
d6i nong d6 BECT bang cach thay doi thé tich. Két qua dugc chi ra trong Bang
p42.12 cia Phu luc 42 va Hinh 3.40b.

Khao sat cho thdy do hap thu quang cao nhat khi ty 1é mol cia BECT/Zn?* xap xi
bang 2 twong Gng Véi ty 1& 2/1, tiac 1a mot ion kim loai lién két véi 2 ligand BECT dé
tao thanh hop chit phirc. Nhu vy, theo phuong phap ndy cong thirc van [a ML..
3.5.2.4. Hang s6 bén ciia phirc Cu(11)/Zn(11)-BECT va danh gia md hinh

Dua vao pho UV-Vis cua phuc Cu(1)-BECT va Zn(I1)-BECT, sir dung cong
cu Datan 3.1 tinh toan hang s6 bén cho két qua trong Bang 3.37.

Bang 3.37. So sanh logpiz thiee nghiém va di dodn cdc phic tir két qud lugn an

Hing s6 bén, logp:2
STT Ligand Kim loai Thue Du doan
nghi¢m QSPRmLR | QSPRann
1 BECT Cu(ll) 11,7300 10,0415 11,5213
2 BECT Zn(10) 10,3900 10,1578 11,8751
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Mot cach twong tu, phuong phap ANOVA mét yéu t6 ciing duoc sir dung dé
danh gia su khac biét giira cac gié tri hiang s6 bén (logPi2) thuc nghiém va dy béo tir
hai md hinh MLR, ANN. Két qua nhan duoc dbi véi phicc Cu(11)-BECT nhan gia tri
F =1,6437 < Foos = 18,5128 va cuaa Zn(I1)-BECT la F = 0,5323 < Fo05 = 18,5128.
Diéu d6 cho thiy rang cac gia tri thuc nghiém nay khdng cd su khéac biét so véi cac
gia tri du béo. Trén co so két qua thu dugc, c6 thé thay ring gia tri thuc nghiém rét
gan voi gia tri du doan tir hai mé hinh QSPRwmLr VA QSPRann ctia nhdm dix liéu tha
1 thuéc ML..

Bén canh d6, c6 thé so sanh két qua thuc nghiém vai cac gia tri hang s6 bén
cua cac phuc khac theo Phu luc 43, Hinh 3.41. Két qua cho thay cac phac thuc
nghiém trong luan an khi gan vao khung cau trdc cua thiosemicarbazone tai vi tri Ra
Vv6i dan xuét carbazole c6 cau tric di vong phirc tap hon cho cac gia tri hang sb bén

I6n hon.

Gy L 201 S R N O

-
ANN E=h I
11,730 MLR 11,521 o

10 8,890

Hinh 3.41. So sanh hang sé bén cua phic Culz va Znl, trong nghién cizu véi cac

gia tri tur thuc nghiém khac va gia tri du dodan
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KET LUAN VA KIEN NGHI

KET LUAN

Vé phan ly thuyét, chung t6i da trinh bay diy du co s¢ 1y thuyét caa phuong
phdp md hinh hdéa mdi quan hé dinh lwong cdu trdc va tinh chat dua trén cac
phuong phép tinh toan lwong tir két hop st dung cac phuong phap thong ké va céc
phuong phap toan hoc hién dai dé xay dung hang loat mé hinh du doan trén dbi
tugng phtc chat gitta thiosemicarbazone va cac ion kim loai. Nhu vay, trong phan
nay ching toi di dat dugc nhitng két qua cu thé nhu sau:

—  Pia xay dung mai 9 mé hinh quan hé dinh luong ciu trlc va tinh chat trén dbi
tugng phic ML va 2 md hinh trén déi twong ML, dua trén cac phuong phap
théng ké va phuong phap mdy hoc théng minh. Pay 1a tinh méi cua luan an,
déu d6 da dugc chang minh béi vi cac mé hinh nay da duoc cong bé qua 10 bai
béo trong d6 c6 mot bai thudc hé thdng SCI. Cac md hinh nay dwoc xay dung tir
cac dir liéu thyc nghiém thu thap duoc tir cac cong trinh da dugc cong bd trén
c4c tap chi uy tin bao gom 292 gia tri logp1 cua phirc ML va 135 gia tri logpie
cua phic ML..

—  Mat khéc, cau tric cta cac phac chat ML va ML, duoc téi wu hoa cau tric cudi
cling bang co hoc lwong tir voi phuong phap ban thuc nghiém méi PM7 va
PM7/sparkle. Két qua nay ciing 1a mot trong nhitng diém noi bat cua luan &n vi
day 1a mot trong nhitng phuong phap méi trng dung trong nghién cuu.

— Bén canh d6, 44 dan xuat thiosemicarbazone da dugc thiét ké méi va tao phic
vé6i 5 ion kim loai phd bién (Cu?*, Zn%, Ni%, Cd?*, Ag*). Cac din xuét nay duoc
thiét ké dua trén hai dian xuét phenothiazine va carbazole gin vao vi tri Rq cta
khung ciu trac thiosemicarbazone. Chiing t6i ciing di sir dung cac md hinh xay
dung duoc dé du doan hiang sé bén cua cac phuc chat thiét ké méi. Mot sé hang
s6 bén cua cac phic chat thiét ké méi cia da duoc cong bd qua cac bai bao.

—  Tiép dén, dé dinh hudng nghién ciru thuc nghiém, ching toi lua chon hai din
xuat thiosemicarbazole d6 1a 2- ((6-bromo-9-ethyl-9H-carbazol-3-yl)
methylene)  hydrazine-1-carbothioamide va  2-((7-bromo-10-ethyl-10H-

phenothiazin-3-yl)methylene)hydrazine-1-carbothioamide dé tong hop va tao
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phirc véi cac ion kim loai nhu Cd?*, Ni?*, Cu?* va Zn?*. Tuy nhién, truéc khi
thue nghiém tong hop, chung t6i di tién hanh khao séat tim kiém ciu dang bén
bang céc tinh toan lwong tir két hop cac phuong phap Monte Carlo va giai thuat
Metropolis cua cac phic chat giita cac ligand nay véi céc ion kim loai c6 chira
ion nghién cau thuc nghiém. Két qua ciing di cho thay ring qua thé ning bé

mit trong tac, kha ning hinh thanh cac ligand va phic chat Ia kha thi.

V& phan thuc nghiém, chiing t6i da tién hanh thuc nghiém tong hop ligand 2-

((6-bromo-9-ethyl-9H-carbazol-3-yl) methylene) hydrazine-1-carbothioamide vai

hai phtrc twong trng véi hai ion kim loai Cu?*, Zn?* va ligand 2-((7-bromo-10-ethyl-

10H-phenothiazin-3-yl)methylene)hydrazine-1-carbothioamide véi hai phic tuong

g véi hai ion Cd?*, Ni%*. Hai ligand va bon phtc chat nay hoan toan la nhitng chat

méi dugc tong hop thanh coéng, day ciing 1a tinh méi trong Luan an. Két qua cac

nghién ctru nay cu thé nhu sau:

Trinh bay day du quy trinh tong hop véi cac s liéu cu thé cua hai dan xuat
thiosemicarbazone nay véi cac phic chat twong wng. Két qua tong hop céac
ligand va phirc chat nay da duoc kiém ching qua cac phuong phap phén tich
hoa ly hién dai nhu phd hap thu hdng ngoai FT-IR, phd cong huéng tir hat nhan
'H-NMR, BC-NMR két hop phd DEPT 90, 135, CPD, HSQC va HMBC; phd
khdi lwong phan giai cao HR-MS va pho EDX. Két qua di khang dinh duoc cac
ligand va phic chat nay da duoc tong hop thanh cong véi cac cau triic nhu
mong doi trong dinh huéng nghién ctu. Mot s6 két qua so bo ciing da duoc
cdng bd hai bai qua tap chi quéc té thuoc hé théng ISI.

Bén canh d6, chung t6i da khao sat kha nang tao phtc caa chung trong moi
truong nudc bang phuong phap do quang phé UV-Vis. Ching toi ciing di tim
dugc cac yéu td ti vu cho qua trinh tao phic va xac dinh dugc cong thuc cua
c4c phirc ndy qua hai phuong phap ¢b dién 1a phuong phéap Job va phuong phap
ty I¢ mol. Dong thoi, chiing toi ciing da xac dinh hang s6 bén cua cac phuc chat

nay va két qua cho thay phu hop véi cac mé hinh dy doan.

KIEN NGHI

Tuy nhién, nhu t6i da trinh bay, do dé tai trai dai qua nhiéu linh vyc, do d6 két

qua nghién ciu nay chi dinh huéng st dung cac ligand nay dé 1am thudc thir trong
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phan tich tric quang ma chua thuc nghiém trong thuc té. Bén canh dé, ching t6i da
xay dung rat nhiéu md hinh du doan hing sé bén cac phirc chit nhung chi 4p dung
du doan thiét ké mai trén mot nhom ddi twong. Vi vay, chung toi cling dé xut viéc
&4p dung phuong phap mé hinh hoa QSPR nay dé nghién ctu thiét ké mai trén cac
nhom ddi twong khac gin trén khung ciu tric caa thiosemicarbazone, hoic trén céc
nhom phirc chat cua cac ligand nhu: semicarbazone, pentamethylcyclopentadienyl
azaindoles, theophylline... Ngoai ra, ciing c6 thé ap dung phuong phap nay dé
nghién ciru QSAR trong d6 ham muc tiéu la hoat tinh sinh hoc trén hang loat cac
dbi tuong ¢ hoat tinh da dwoc nghién ctru nhu thiosemicarbazone, thiazole , axit
humic... Pay ciing 1a huéng nghién cau tiép theo ma ching toi sé thuc hién trong
thoi gian toi.

Hon nita, dan xuét thiosemicarbazone va phirc chat caa chiing duoc biét dén 1a
nhitng chat ¢ kha niang khang khuan, khang nam [39]; c¢6 hoat tinh sinh hoc rat 16n
[15], [50]; dong thoi, chung cling c6 kha ning uc ché cac té bao ung thu [113],
[121]. Trén co s& do, trong nghién ctru cua chdng téi, mot ndi dung quan trong
trong phan két qua nay ma ching t6i da thuc hién nhung khong cong bo trong luan
an nay, d6 1a kha niang khang ung thu cta cac ligand va phtc rit kha quan. Hai
ligand va céac phuc chat dugc tong hop dugc thuc nghiém hoat tinh sinh hoc bang
phuong phap SRB véi ba dong té bao ung thu v MCF-7, ung thu phdi NCI H50 va
ung thu gan HepG2. Véi ligand 2-((7-bromo-10-ethyl-10H-phenothiazin-3-
yDmethylene)hydrazine-1-carbothioamide va hai phirc twong rng vé&i ion Cd?*, Ni*
nhan cac gié tri 1Cso rat cao vaéi nong do tac chat thap. Tuy nhién, d6i véi ligand 2-
((6-bromo-9-ethyl-9H-carbazol-3-yl) methylene) hydrazine-1-carbothioamide va
hai phirc twong Gng vai hai ion Cu?*, Zn?* cho hoat tinh twong ddi thap. Nhu vay,
cac dan xuat thiosemicarbazone va phtic chat cia chlng cé rat nhiéu tng dung trong
thuc té, nhung trong nghién ctru nay chua str dung rong réi cac két qua thuc nghiém
nghién ctru nhu khao sat hoat tinh sinh hoc, danh gia kha nang tao phuc trén cac ion
kim loai khac. Vi vay, nhitng wu diém cua phtc chat tong hop ndy s& dinh huéng

nghién ctu tiép theo trong thoi gian sap t6i tir két qua cua luan an.
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PHU LUC

Phu luc 1. M6 ta cac tham s6 2D trong mé hinh

Bang pl.1. M6 td cac tham sé 2D

STT | Tham s6 2D Mo ta Cong thirc tinh va y nghia
| Nhém chi s6 chi phén tir hay chi s6 chi truyén thong
1.1. | Nhém chi s6 chi don gian
1.1.1. | Chi sé chi béc thip
1 X0 Oy Chi 0
2 x1 Ly Chil
3 X2 2y Chi 2
1.1.2 | Chi s6 chi dwong (p — path)
4 Xp3 3P Chi duong 3
5 Xp4 AP Chi duong 4
6 Xp5 CxP) Chi duong 5
7 Xp6 6P Chi duong 6
8 Xp7 TP Chi duong 7
9 Xp8 8P Chi duong 8
10 Xp9 9P Chi duong 9
11 xpl0 10P Chi duong 10
1.1.3 | Chi s6 chi nhém (c — cluster)
12 Xc3 3y C Chi nhom 3
13 xc4 Ay Chi nhoém 4
14 Xch Sy C Chi nhém 5
15 XC6 6y Chi nhém 6
1.1.4. | Chi sé chi dwong va nhém (pc — path/cluster)
16 Xpc4 Ay PC Chi duong va nhom 4
17 Xpc5 SyPC Chi duong va nhém 5




18 Xpc6 6y PC Chi duong va nhom 6
1.1.5. | Chi sé chi mach (ch — chain)
19 xch3 3ycH Chi mach 3
20 xch4 4y cH Chi mach 4
21 xchb Sy CH Chi mach 5
22 xch6 6ycH Chi mach 6
23 xch7 "y cH Chi mach 7
24 xch8 8y cH Chi mach 8
25 xch9 Oy cH Chi mach 9
26 xch10 10y ch Chi mach 10
1.2. | Nhém chi s6 chi héa tri
1.2.1. | Chi sé chi héa tri bic thip
1 xv0 OV Chi 0 hoéa tri
2 xv1l Ly Chi 1 hoa tri
3 XV2 ZyV Chi 2 hoa tri
1.2.2 | Chi sé chi dwong héa tri (vp — valence path)
4 Xvp3 3y Chi duong hoa tri 3
5 Xvp4 4 Vp Chi duong hoa tri 4
6 Xvp5 Sy Vp Chi duong hoa tri 5
7 XVp6 A Chi duong hoa tri 6
8 Xvp7 TvVp Chi duong hoa tri 7
9 Xvp8 8P Chi duong hoa tri 8
10 Xvp9 9P Chi duong hoa tri 9
11 xvpl0 AL Chi duong hoa tri 10
1.2.3 | Chi s6 chi nhém héa tri (ve — valence cluster)
12 Xvec3 Ve Chi nhom hoa tri 3
13 xvca RALS Chi nhém hoa tri 4
14 Xvch DAL Chi nhém hoa tri 5
15 XVC6 (®xVc Chi nhém hoa tri 6

1.2.4.

Chi sé chi dwong va nhém héa tri (vpc — valence path/cluster)

16

xvpc4d

4 Vec

Chi duong va nhom hoa tri 4




17 XVpc5 Sy Vpc Chi duong va nhom hoa tri 5
18 XVpC6 6y Vpc Chi duong va nhom hoa tri 6
1.2.5. | Chi sé chi mach héa tri (vch — valence chain)
19 xvch3 3y Ven Chi mach hoa tri 3
20 xvch4 4 Ven Chi mach hoa tri 4
21 xvchbs Sy VeH Chi mach hoa tri 5
22 xvch6 6y VeH Chi mach hoa tri 6
23 xvch7 TVen Chi mach hoa tri 7
24 xvch8 8y Ven Chi mach hoa tri 8
25 xvch9 9% cH Chi mach hoéa tri 9
26 xvchl10 10y Ven Chi mach hoa tri 10
1.3. | Chi sb hinh hoc Kappa
1.3.1 | NhOm chi sé hinh hoc kappa truyén théng
Kappa 0: la chi s6 thong tin Shannon
dua trén loai nguyén tu.
1 kO O ko = IC = i(nvX)
nvx - sé dinh ctia khung, nhom hydrua
hoac khong c6 nguyén tir hydro.
Kappa 1, 2, 3. Trudng hop theo sd
2 k1l ¢ duong:
m P mP )
m K= C max 2mm
("P)
3 k2 2, Trong do:

+  ™Pmax: 0 lugng duong bac m
trong mot phan tu tham chicu
khong cé nhanh vai cung mét so
nguyén tir nhu phan tir duwgc mo ta

+  ™Pmin: 50 lugng duong bac m
trong mot phan tu tham chicu co
dac tir)h cau trdc vo cuc va cung

4 K3 34 mot SO nguyén tir nhu phan tir

duoc mo ta.
+  ™Pi: s6 lwong dudng bac m trong
phan tir thuc té i duoc mo ta;
+ m = bac duong
+ C=2(m=12);C=4(m=23)
Truong hop theo s6 nguyén tir va




duong:

_ 2
! =% véim=1

_ _ 2
S LS I

— — 2 ,
3K=(A (13)&2 3) véi m =3 khi A so
le

— 2 — ,
Sk = (A (ZS)P()'ZA‘ 3) véi m = 3 khi A s6
chan

Trong d6, A = s6 dinh (cac nguyén tir
hodc nhom hydrua) trong khung phan
tu.

1.3.2

Chi s6 hinh hoc Kappa alpha

5 ka0 Oka
6 kal Ik
7 ka2 Ko
8 ka3 3Ka

Kappa alpha 0,1, 2, 3
Truong hop theo s6 nguyén tir va
duong:

e (A+a)(A+a-1)°

. . > véim=1
(R+a)

_ _ 2

2
_ _ 2

e = (A+«a : 1)(A+2a 3) véi m =
(R +a)

3khiAlé
p— 2 p—

e = (A+a : 2) (A—zl-a 3) voim=
(R +a)

3 khi A chin

Trong do:

+ A =sd luong cac nguyeén tir trong
phan tir dugc mo ta

+ o =ban kinh cong hda tri nguyén
tur ciia cac nguyén tir trong hop
chéat vong khéc carbon;

+  ™Pi: s6 luong duong bac m trong
phan tir thuc té i dwoc mo ta

+ m = bac duong




Ban kinh cong hoda tri nguyén tir la ban
kinh dugc sap xép dang bang caa moi
nguyén tir va duoc sir dung dé tinh gia
trj alpha cho chi sb chi s hinh hoc
Kappa Alpha. Ban kinh cong hoda tri
nguyén tir dugc dinh nghia nhu sau:

a=1-r rc(sp3)

Trong do, rx = nguyén tur trong phan tu
duoc mo ta; x(sp3) = 77 pm (ban kinh
cua nguyén tir cacbon sp®, don vi
(picometers)

N N

W=>330

i=1 j=1

9 | Chiso Wiener W — N 1a s6 dinh hodc nguyén tu;
— &ij a ma tran khoang cach cta duong
ngan nhat gitta cac dinh 1 va j
Chi s6 nhé Zagreb =Y &7
10 LSO THom Zagreb J Z'
Zagreb di 1a hoa tri cia nguyén tir dinh i.
M -0,5
J= ﬂ_’_lZall edges(é‘ié‘j)
11 | Chi s Balaban J - M %a S;O canh; .
— ulaso cyclomatic;
— 3i (8j) xac dinh theo cong thirc
o, = Zj:lé‘ij
Mot s6 dinh nghia chi s6 ETA co ban
nhu sau:
Z-7" 1
a= ;
Z' PN-1
p=2Xoc+2yr+9;
Nhoém chi s6 Vi = & ;
ETA (Extended b
12 . 05
topochemical '
ViV
atom) 7] =2.. |
i

e=—a+0,3xZ"; Wzg
&

— o la sb hat nhan;
— B 1a sb electron héa tri di dong
(VEM);




— v1a téng dinh VEM;

— 1 14 chi s6 mirc nguyén ti;

— ¢laddé am dién;

— y 1a tham sb xu hudng lién két
hydro;

— Z va Z'1a s6 nguyén tir va dién tich
hoa tri;

— PN 13 sb chu ky trong bang tuin
hoan;

— o va m la lién két sigma va pi voi
phan dong gop lax va y;

-8 s6 cap electron doc than cong
huong trong hé chét thom;

— rij 1a khoang céach hinh hoc gitta hai
nguyén tr

Nhom chi s6 topological dién tir

I1.1. | Nhém chi s6 kiéu nguyén tir E-STATE

1 SsCH3 ST(~ CHy) Tong tatAca gid tri E-State nhom (— CHs)
trong phan tu
Tong tat ca gia tri E-State nhom (=

T(= 1

] SdCH2 ST(ECHy) CHz2) trong phan tr

3 SssCH2 ST( CHz-) Tong tatAca gid tri E-State nhom (— CHy)
trong phan tu

4 StCH ST (= CH) Tong tatAca %13 tri E-State nhom (= CH)
trong phan tu

5 SdsCH ST(= CH-) Tong tat caAglaqtn E-State nhom (= CH
—) trong phan tir

6 SaaCH ST(:= CH-::) T--Or)ligﬁ caf;g}a ttr1 E-State nhém (== CH
A g phan tir

7 SsssCH ST(>CH-) Tong tat caAglaqtm E-State nhom (> CH
—) trong phéan tu

8 SddC ST(=C =) Tong tat ca gid tri E-State nhom (= C =)
trong phan tu

9 StsC ST(=C ) Tong tatAca gia tri E-State nhom (=C -)
trong phan tu

10 SdssC ST(=C <) Tong tat ca gid tri E-State nhom (= C <)
trong phan tu

.2 |
11 SaasC g7 (;é =) Tong tat ca gia tri E-State nhom (¢ =)

trong phan tu




2 7 El
Tong tét ca gia tri E-State nhom (=€ =)

12 SaaaC ST (=)

trong phan tu
13 SssssC ST(>C <) tl;gﬁg ;Egﬁ?t%;a tri E-State nhom (> C <)

Tong tat ca gi tri E-State nhom (-
14 SSNH3p S' (- NHs") NH3%) tronggphéﬂ tr (

Tong tat ca gi tri E-State nhom (-
15 SsNH2 S'(-NH) NHzg) trong I%hén tir (

Tong tat ca gia tri E-State nhom (—
16 >ssNH2p S(-NH") NHzg* -) tror;gg phén tu (

Tong tt c4 gi4 tri E-State nhom (= NH
17 SANH ST (= NH) tmng ohan f} ~ (= NH)

Tong tt c4 gid tri E-State nhom (- NH
18 SssNH ST(-NH-) | (

. . Téng tat ca gia tri E-State nhom (==
T 1
19 SaaNH ST NH=) T NH ** ) trong phan ti
20 StN ST (= N) Téng tat ca gia tri E-State nhom (= N)
a trong phan tur

21 SsssNHp ST(> NH*-) E“)ogg(;) ;Zt ;}?ﬁ%llatlén E-State nhom (> NH

Tong tat ca gia tri E-State nhom (= N —
22 SdsN S'(ENS) trong phan t%r . ( )
93 SaaN ST(= N--) Tong tat ca gia tri E-State nhom (== N

- =) trong phan tr

Tong tit ca gia tri E-State nhom (> N—

24 SsssN $'(>N-) trong phan t%r . ( )
ST n Tong tat c4 gia tri E-State nhom ( ~ y —
25 SadsN (\//N ) ) trong phan tir 7
[

26 SdaaN ST(= 1!1;) Tong tat ca gia tri E-State nhém (—N-—

) trong phéan tur

. Tong tt c4 gi4 tri E-State nhom (> N*

27 | sssNp | STeng | T B ‘

Tong tat ca gia tri E-State nhom (— OH
28 SsOH s' (-OH) trong phan t%r . ( )
29 sdo ST (= 0) Tong tat ca gia tri E-State nhom (= O)

trong phan tu
30 SssO ST(-O-) | Tong tit ca gi tri E-State nhém (- O -)

7




trong phan tu

Tong tat ca gia tri E-State nhom (== O

T(-- .-
o S 5'(+ 0=) --) trong phén tur
32 SSE ST F) Tong tat ca gid tri E-State nhém (- F)
trong phan tu
33 SsPH2 ST(— PH,) Tong tatAca gid tri E-State nhom (- PH,)
trong phan tu
34 SssPH ST(—PH-) Tong tat ca gia tri E-State nhom (— PH —
) trong phan tir
35 SsssP ST(>P-) Tong tatAca %1a tri E-State nhom (> P -)
trong phan tu
36 SdsssP ST(>p=) Tong tat ca gid tri E-State nhom ( Spe
) trong phan tir
Tong tat ca gia tri E-State nhém (\ P
T(Np-r P
37 SsssssP ST(>pQ) ) trong phan
38 SsSH ST (- SH) Tong tatAca %la tri E-State nhom (— SH)
trong phan tu
39 SdS ST(=S) Tong tat ca gia tri E-State nhom (= S)
trong phan tu
40 SssS ST(-S-) Tong tat ca gid trj E-State nhom (- S -)
trong phan tu
41 SaaS ST(-- S--) Tong tat ca gia tr} E-State nhom (== S
=+ ) trong phan t
42 SdssS ST(=S<) Tong tat ca gid tri E-State nhém (= S <)
trong phan tu
TN g Tong tat ca gia tri E-State nhom ( S~
43 SddssS ST(,5<) ) trong phan ti s
44 S5555SSS ST(>s<) Tong tat ca gia tri E-State nhom ( ~ >
) trong phan tr
45 SsClI ST(-Cl) Tong tatAca gia tri E-State nhém (- Cl)
trong phan tu
46 SsBr ST(-Br) Tong tatAca gid tri E-State nhom (— Br)
trong phan tu
47 Ss| ST(-1) Tong tatAca %121 tri E-State nhom (- 1)
trong phan tu
IV. | Nhém chi s tong kiéu nguyén tir E-state-Acnt
T(_ 2 Ay o0 g , B
1 SSCH3_acnt CT(- CHs) | Tong tat ca cac nhom (— CHs) trong

phan tur




Téng tat ca cac nhom (= CHz) trong

T (=
2 SdCH2_acnt CT(=CHy) phan ti
3 SssCH2 acnt CT(~CHz-) Tong tt ca cac nhom (— CHy) trong
B phan tur
4 StCH acnt CT(=CH) Téng tAt ca gia tri E-State nhom (= CH)
B B trong phan tur
5 SdsCH acnt CT(=CH-) Téng tat ca cac nhom (= CH -) trong
B phan tur
6 SaaCH acnt cT (== CH=:) Téng tAt ca cac nhom (== CH--)trong
B phan ti
7 SsssCH acnt ST(>CH-) Téng tat ca cac nhom (> CH -) trong
B phan t
8 SddC acnt CT(=C =) Téng tat ca cac nhom (= C =) trong
B phan tir
9 StsC acnt CT(=C-) Tdng tat ca cac nhom (= C ) trong
B a phén tur
10 SdssC acnt CT(=C<) Tong tat ca cac nhom (= C <) trong
N phan t
. . |
11 SaasC_acnt T (= ! ) Tong tat ca cac nhom (=€) trong
phan tr
. . . il
12 SaaaC_acnt CT (= cl ) TOng tat ca cac nhom (—¢ =) trong
phan ti
13 SssssC acnt CT(>C<) Téng tat ca cac nhom (> C <) trong
B phan ti
14 | SsNH3p acnt | CT(- NHs") Tong tat ca cac nhom (- NHs®) trong
B phan tr
15 SsNH?2 acnt CT (- NHy) Tong tat ca cac nhdm (— NHy) trong
B phan tur
16 SssNH2p_acnt | CT (- NH2*-) Téng tat ca cac nhom (= NH2"-) trong
B phan tr
17 SANH acnt loll (= NH) Téng tAt ca cac nhom (= NH) trong
B phan tr
18 SssNH acnt CT (= NH-) Tong tt ca cac nhom (— NH-) trong
B phan tur
19 SaaNH_acnt | CT(== NH=) Téng tat ca cac nhom (== NH **) trong
B phan t
20 StN_acnt C'(=N) Toéng tat ca cac nhom (= N ) trong phan




tu

Téng tat ca cac nhom (> NH*-) trong

T +
21 SsssNHp_acnt | CT(> NH*-) phan ti
22 SdsN acnt CT(=N-) Téng tAt ca cac nhom (=N -) trong
B phan tr
23 SaaN acnt CT(:> N:-) Téng tat ca cac nhom (== N=-) trong
B ~ 7 | phan tu
24 SsssN acnt CT(>N-) Téng tAt ca cac nhoém (> N-) trong
B phan tr
25 SddsN acnt cT (\ N— ) Tong tat ca cac nhom ( >N — ) trong
B 7 phan tr
I
2 | SdaaN_acnt | cre-\eey | Tongthtci cicnhom (M=) trong
phan ti
27 SssssNp_acnt CT(>N*<) Téng tat ca cac nhom (> N* <) trong
B phan ti
28 SsOH acnt CT (- OH) Tong tat ca cac nhom (— OH) trong
B phan tr
29 SdO acnt CT(=0) Téng tat ca cac nhom (= O) trong phan
B tu
30 SssO acnt CT(-0) Téng tat ca cac nhom (- O -) trong
B phan tr
31 Saa0 acnt CT(- 0--) Téng tit ca cdc nhom (== O=-) trong
- 7/ | phan t
32 SsFE acnt CT(-F) Tong tat ca cac nhom (— F) trong phan
B tu
33 SsPH2 acrt CT (L PH2) Téng tat ca cac nhom (- PH2) trong
B phan tr
34 SssPH acnt CT(-PH ) Téng tat ca cac nhom (— PH ) trong
B phan tr
35 SsssP acrt CT>P ) Tong tat c cic nhom (> P -) trong phan
B tu
36 | Sgsssp acnt | CTp. ) | TOng tatcd cicnhom (s p_ ) trong
B > P= phan tur -
37 SsssssP acnt C{p ) Tdng tat ca cac nhom ( > pg ) trong
B > PS phan tur
38 SsSH acnt CT( SH) Tong tit ca cac nhom (— SH) trong phan

tu
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39 SdS_acnt C'(=9S) Téng tat ca cac nhom (= S) trong phan tir
40 SssS_acnt CT(-S-) |Téng tit ca cac nhom (- S —) trong phén tir
41 SaaS_acnt CT(= S--) ToPg tflt ca cac nhom (== S--) trong
phéan tir
42 SdssS_acnt CT(=S<) |Tong tatca cac nhém (=S <) trong phan tir
2 Ao oo ox . ~
43 SddssS_acnt cT (\> so ) TOPg tflt ca cac nhom ( > s ) trong
77 phan tir
44 SssssssS,_acnt CTese ) ToPg tflt ca cac nhom ( > g< ) trong
>SS phan t
45 SsCl_acnt CT(-Cl) |Téng tit ca cac nhom (— Cl) trong phan tir
46 SsBr_acnt CT(-Br) |Tong tat ca cac nhom (— Br) trong phan tir
47 Ssl_acnt CT(-1 Téng tat ca cac nhom (- I) trong phan tr
V. |Nhom hydro E- State
1 HsOH HsOH S, =1.+A4l, véi
2 HdANH HANH | [(2/N)?5" +1]
3 HsSH HsSH ‘ 5
| —1.
4 HsNH2 HsNH2 _ i
Ali - Zj¢1 r2 J
5 HssNH HssNH I
5 HtCH HtCH I, 1a m(?t th’am s~o trang thai hién hiru va
Al 1a yéu to nhiéu loan;
7 Hother Hother .
N 1a s lugng tir chinh va rj; 1a khoang
8 SHCHnX SHCHNX' | c4ch topological giita cac nguyén tir i va
9 Hmax Hmax J
10 Gmax Gmax
11 Hmin Hmin
12 Gmin Gmin
13 Hmaxpos Hmaxpos
14 Hminneg Hminneg
I11. |Mdt s6 tham s6 md ta khac
1 fw fw Khéi lugng phan tir theo cong thic
S6 dinh ctia khung (s6 nguyén tir khdng
2 nvx nvx phai hydro, so6 cac nhom hydrua; vi du. -

CH3, - OH...)
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nelem

nelem

Tong s6 nguyén td trong phén tir

nrings

nrings

S6 vong thom trong khung phan tir
R=1p-(nvx-1)

O day:

Ip = s6 canh cua khung (duong c6 chiéu
dai bing 1)

ncirc

ncirc

S6 khung mach (graph circuits), tong sé
tat ca cac vong trong phan ti-graph; 2
d6i véi biphenyl, nhung 3 di voi
naphtalen; do6 1a hai vong 6 canh va 1
vong 10 canh. Su két hop cua nrings va
ncirc (theo ty Ié hoac su khac biét) 1a dac
tinh cuaa cau tric vong.

phia

Kappa linh
hoat (®y,)

Céc dai lvong Kappa Alpha 1 va Kappa
Alpha 2 dugc két hop voi mot s6 nguyén
tir (binh thudng) dé tao thanh chi s6
Kappa linh hoat (Kappa Flexibility), @y
(phia). Chi s6 Kappa linh hoat phia duoc
dinh nghia nhu sau:

b, = [(1Ka)(2Ka)]/A
Trong do:
‘i, = gia tri cua kappa alpha 1
?k, = gia tri cua kappa alpha 2
A = sb dinh (c&c nguyén tir hodc nhom
hydrua) trong khung phan ti

knotp

Su khac nhau gitra chi nhém 3 va chi

dudng/nhém 4

knotpv

Su khac nhau gitta chi nhom hoa tri 3 va

chi duong/nhom hoa tri 4

numHBa

numhba

S6 lién két hydro thira nhan

10

numHBd

numhbd

S6 lién két hydro hd trg
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LogP

LogP

LogP 14 logarithm (co s 10) ctia hé sd
phén tan P cua octanol - nude. P la ti 1€
ndng do cua chét tan phan bd trong dung
moi hoa tan trong nudce 1-octanol va
nuée. LogP duoc tinh toan bang k¥ thuat
no ron. k¥ thuat nay st dung cac tham sd
2D, 3D dugc tinh toan béi Bodor va cong
su [9]. Tao mdt mang no ron vai 1200
hop chét da dang, két qua R? 12 0,81
trong 300 hop chat ngoai trong trudng
hop dé du doan Log
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Phu luc 2. Mé ta cac tham sé 3D trong mé hinh

Bdng p2.1. Md ta cac tham s6 3D

STT

Tham s6 3D

Mo ta

Cong thirc tinh va y nghia

ABSQ

ABSQ

Téng dién tich ciia cic nguyén tir trong
phan tu.
ABSQ=Y|Q|

Qi — dién tich cua nguyén tir i. Phuong
phép tinh “dién tich nguyén tir hay di¢n
tich nguyén tor riéng phan” st dung mo
hinh thuc nghiém dua trén nguyén tac su
can bang riéng phan orbital dién moi
(Partial Equalization of Orbital
Electronegativity — PEOE) duoc phat trién
bo1 Gasteiger and Marsili. Dién tich cua
nguyén tir phu thudc vao lién két véi cac
nguyén tir khac, khong phai trén cau tric
3-D cua phan tr. Tat cac dién tich duoc
tinh thé hién thong qua mdt phan cua dién

tich electron.

ABSQon

ABSQon

Tong gia tri tuyét doi dién tich cta nito va

oxy trong phan ttr.

ABSQon =Y (

Q,

+‘Qoi‘)

Dipole

Dipole

La moment ludng cuc cua phan tir. Gia tri
dipole (p) duoc tinh dya trén cu trac 3D
va dién tich nguyén tir dwoc tinh bang
phuong phap Gasteiger-Marsili thuc hién
trong SciQSAR. DPon vi 1a debye (1D =
3.336.103° coulomb-meter).
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MaxHp

MaxHp

La dién tich duong lon nhat cua cac céc

nguyén tr trong mdt phan tu.

MaxNeg

MaxNeg

La dién tich 4m 16n nhat ctia nguyén tu

hydro trong mgt phan tu.

MaxQp

MaxQp

La dién tich dwong 16én nhdt cua cac

nguyén tr trong mdt phan tu.

Ovality

Ovality

La chi s6 hinh hoc oval ctia phan ti.
Ovality = 22 = SA2 = oA 5 >1
SA,  47R 47z(3\/VDWj
4
SA 14 dién tich bé mat phéan tir; SAo 1a bé

mit phan tir cuc tiéu; Vypw 1a thé tich Van

Der Waals; R 1a ban kinh nguyén tur.

Polarizability

Polarizabilit
y

La do phan cuc cua phén tir, dugc tinh dua

trén phuong phéap ctua Miller:

a :ZA:aA(ahp)

Trong d6, aa la do phan cuc trung binh
nguyén tu cua nguyén td A. Phuong phéap
nay st dung 400 hop chét chira H, C, N, O,
S, F, Cl, B, I, va P dé xac dinh sai s cua
oA vOi sai 86 2,2-2,8% gitta phép phan cuc
phan tr thuc nghi¢m va tinh toan. Pon vi

la As.

SpcPolarizabilit
y

SpcPolariza
bility

Sp.Pol = Polar/VVolume

10

Surface

Surface

Dién tich bé miat cia mot phan tir

11

Volume

Volume

Thé tich ctia mot phan tir
Thé tich phan tir cia mot phén tir dugce tinh

bang phuong phap ludi cua Boder [2]. Pay

1a mot ky thuat tich phan sé hoc tir tm cua
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khéi luéi trén mdi nguyén tir c6 canh la
duong kinh cua nguyén tir, thé tich dong

g6p cua nguyén tu, I, la:

V. = %Hrﬁ(n/nt)

Trong d6 n 13 s6 diém lué6i trong nguyén tr
va khong phu thudc cac nguyén tur khac; nt
1a téng s6 diém ludi trong mot nguyén tir
va ri la ban kinh Van Der Waals cua
nguyén tur thu .
Thé tich ctia nguyén tir V:

V=>V,

don vi 1a A3(1A = 100 m)

Pay 1 muc ning luong cao nhét trong

Highest
] phan tir c6 chira cac electron. Khi mot
occupied _
phan tor hoat dong nhu mdt bazo Lewis
molecular
12 HOMO bital (nhuong cap cap electron) trong hinh thanh
orbita , .
lién két, cac electron dugc cung cap tr quy
(HOMO) . e
dao nay va do kha nang nucleophilicity cua
energy
mot phan tur.
Pay 1a mic nang luong thip nhat trong
Lowest o . , . A
phan tor khong chwra electron. Khi mot
unoccupied o . o, i
phan t0 hoat dong nhu mot axit Lewis
molecular
13 LUMO bital (nhan cdp electron) trong sy hinh thanh
orbita , .
lién két, cac cap electron dén dugc nhan
(LUMO)
tron uy dao nay va do tinh
energy g quy de y

electrophilicity cia mét phan tu;
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Phu luc 3. Cac thuit ngir niing lwgng trong tinh tong

nang lwgng MM

Bdang p3.1. Gidi thich céc thudt ngi nang lwong trong MM

Luwe

Phuong trinh

M ta ngin gon

Su xo0an

lién két

1

=2k, [1+cosm(p+ ) |

+ dhoifset 1d goc xoan 1y tuong

liéen quan dén mot hinh
dang so le cta hai nguyén

tu;

+ k¢ 1a hang rao nang lugng

dé quay ve gbéc xoan ¢;

+ m la chu ky quay.

Ning luong xodn thé hién ning
luong can thiét dé xoay tu do cua
lién két sigma. Goc hai mit phang
(dihedral) m6é t4 khuynh hudng
tuong ddi cua cac nguyén tir 13
'géc xoan'. Hinh duéi day cho
thiy goc xoan ¢ giita hai nguyén
tr mau trong mot hinh dang so le.

@

Su co gidn

lién két

E, =%ks><(r—r0)2

+ rola do dai lién két ly twong
+ rla do dai lién két co gidn

+ ks 13 hing s lyc cho phép

do cuong do cua co gién.

Dinh luat Hooke str dung tinh toan
nang luong lién két co gian khi
xem xét mot lién két cong hoa tri
duoc tao thanh tir sy co gian. Tuy
nhién, ham Morse ciing cho phép

tinh toan su gidn lién két.

Su udn

goc lién két

EB:%kgx(e—Oo)z

+ 6b1a goc lién két Iy tudng;

+ 0 1a goc lien két & vi tri

uon.

Goc udn 1y tuong 1a goc duoc
hinh thanh bdi ba nguyén tir lién
tiép & vi tri nang lugng t6i thiéu
ctia chung. Géc ubn 0 co thé duoc

biéu dién nhu sau:
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T U B A S

Luc Van Der Waals dugc biéu
dién bang phuong trinh thé

Lennard — Jones, trong d6 phan

+ ¢ la gia tri nang luong tdi
Luc Van Der B chira mii 6 mb ta luc hut va phin
Waals thiéu; . i
i , .| chtra mii 12 biéu thi luc day trong
+ Imin khoang cach gilita )
o . | khoang ngan.
nguyén to i va j voi r la
khoang cach thyc té:
£ g, xq; Do su anh huong cua dién tich
c™  n .4 R , ,
D, gitta hai diém. Sy twong tac hut

Luc tuong tac
tinh dién

Coulomb

Qi va gj la dién tich cua
nguyén tir i va j;

rj la khodng cach gitra
ching;

D la hang s6 dién moi.

hodc day gitra hai nguyén tir i va j
dugc tch bang khoang cach rij ¢6

thé duoc biéu thi la:
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Phu luc 4. Dir liéu thwc nghiém ligand va phirc trong nghién ciru

Bang p4.1. Cdu tric 54 ligand si dung nghién cizu

STT | Ligand R1 R Rs R4 ML/ML. Tai lidu
1 |tsc_fcl H -CeH3(COOH)(HSO0:s) H -CeH4Cl ML: [109][110]
2 |tsc_fc2 H H H - CsHaN ML/ML> [76].[77]
3 |tsc_fc3 H H H - CéH4OH ML/ML. | [68,69, 87,103,130]
4 | tsc_fc4 H H H - CéH4sOH ML/ML> [62,68,69,87,107]
5 |tsc_fch H H -CHs -CsH2BrOH(CsHo) ML [111]
6 |tsc_fc6 H H -C2Hs -C6H2BrOH(OC4H9) ML [95],[105],[106]
7 |tsc_fc7 H H H -C13H16NO3 ML [95]
8 |tsc_fc8 H H H -CH=CHCsHs ML [81]
9 |tsc_fcl0 H H H -CsH2(OH)2(OCHa) ML [63],[65]
10 |tsc_fcll H H -C(CH3)2 -CsH2(OH)2Br ML: [108]
11 |tsc_fcl2 H H H -CsH2(OCHz).0H ML [62],[64]
12 | tsc_fcl3 H H -CeHs -C(CHs)=N-OH ML: [116]
13 |tsc_fcla H -CHs -CHjs - CsHsN ML: [114]
14 | tsc_fcl5 H H H -CeH3(OH)(OCHg) ML/ML [50],[136]
15 |tsc_fcl6 H H -CHa -C7HsN; ML [144]
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STT | Ligand R1 R Rs R4 ML/ML. Tai lidu
16 | tsc_fcl7 H -CeHs -CHs -C(CHzs)=N-OH ML/ML: [53]
17 | tsc_fc18 H H -CHs - CsHsN ML/ML: [241,[30],[48]
18 | tsc_fcl9 H H -CHs - CsH4N ML/ ML, [13]
19 |tsc_fc20 H -CeHs -CsHs - CsHusN ML [18]
20 | tsc_fc22 H -CH3 -CH3 - CsHaN ML [118]
21 | tsc_fc23 H H H -CsH3sBroH ML [113]
22 | tsc_fc25 H H H -C4H30 ML/ML [152]
23 | tsc_fc26 H H H -CoHsN ML, [21]
24 | tsc_fc28 H H -CHs -CH=N-NHCsHs ML/ML> [15],[42]
25 | tsc_fc29 H -CeHs -CHs -CeHs-C4HsNO ML: [19]
26 | tsc_fc30 H H H -CsHaN ML/ML [30],[20],[68-69]
27 | tsc_fc32 H H H -CH=CHC¢Hs ML [82]
28 | tsc_fc33 H H H -CeH3(OH)(OCHg) ML [139]
29 |tsc fc34| -CHs -CH3 -CsH4N - CsHaN ML/ML. [27].[46]
30 |tsc_fc35 H H -CsHsN - CsHaN ML: [27]
31 |tsc_fc36 H -CHa -CsHaN - CsHaN ML [27]
32 | tsc_fc37 H -C2Hs -CsHsN - CsHaN ML: [27]
33 | tsc_fc38 H -CeHs -CsHsN - CsHaN ML: [27]
34 | tsc_fc39 H -C-CH=CH:> -CsHaN - CsHaN ML [27]
35 | tsc_fc40 H H - -C10H704S ML/ML. [47]
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STT| Ligand | Rs R, Rs Rq ML/ML Tai ligu
36 |tsc_fc4l| H -CHs -CHs -CH=N-NH-CsHs ML/ML> [42]
37 |tsc_fc42| H H H -C10HsOH ML/ML [126],[127]
38 |tsc_fc43| H H H -C14H1N ML [78],[117]
39 |tsc_fc4d| H H H -CoHsNOH ML [121]
40 |tsc_fcds5| H -C2Hs H -CoHsNOH ML [121]
41 |tsc_fca6| H -CoHs H -CoHsNOH ML [121]
42 |tsc_fca47| H H H -CsHs ML/ML> [68],[69],[87]
43 |tsc_fca8| H H H -CsHsN-CHs ML [68],[69]
44 |tsc_fcs0| H H H -CsHa-N-(CHa)2 ML [20],[68],[69]
45 |tsc_fcs51| H H -CHs -C(CH3)=N-OH ML [20],[68],[115]
46 |tsc_fc52| H H -CHs -CsH4-C4HNO ML> [20]
47 |tsc_fcs53|  H H -CHs - CsH4OH ML/ML [49]
48 |tsc_fcs4| H H -CeHs -C(CH3)N=0OH ML, [115]
49 |tsc_fcs5| H H -CeHs -C(CeHs)=N-OH ML [115]
50 |tsc_fc56| H H - -CgHsNO ML/ML [128]
51 |tsc_fc57| H H H -CsHaNH; ML/ML> [132]
52 |tsc_fc58| H H H -CsHaNO2 ML/ML> [131],[133]
53 |tsc_fc59| H H -CsH4OH - CsH4OH ML/ML> [149]
54 |tsc_fc60| H -CeHs -CHs -CsH2Br(OH)(OCsHy) ML [98]
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Bang p4.2. Dir liéu phic ML trong nghién czzu QSPR

STT | Ligand lon logP11 pH T,°C | Lwcion | Tailiéu
1 |tsc_fc2 Ni2* 56300 | 6,0 30 0,10 [76]
2 |tsc_fc2 Mn?* 4,3200| 7,0 30 0,10 [76]
3 tsc_fc4 Cu®* 52800 7,0 25 0 [29]
4 | tsc_fca Cu?* 51400 | 7,0 25 0 [29]
5 tsc_fc4 Cu®* 49200 7,0 25 0 [29]
6 |tsc_fcs Cu?* 4,9700 | 7,0 25 0 [29]
7 | tsc_fca Cu? 4,9000 | 7,0 35 0 [29]
8 | tsc_fca Cu?* 4,8400 | 7,0 35 0 [29]
9 |tsc fcd Cu? 47500 | 7,0 35 0 [29]
10 |tsc_fc4 Cu?* 4,8300| 7,0 35 0 [29]
11 | tsc_fcs Cu?* 4,8900 | 7,0 45 0 [29]
12 | tsc_fc4 Cu?* 4,7600 | 7,0 45 0 [29]
13 |tsc_fc4 Cu?* 4,8000| 7,0 45 0 [29]
14 | tsc_fca Cu?* 5,0000 | 7,0 45 0 [29]
15 |tsc_fc7 Cu?* 17,5400 | 7,4 25 0,10 [95]
16 | tsc_fc7 Zn?* 12,4000 | 7,4 25 0,10 [95]
17 | tsc_fc7 Fe?* 12,2400 | 7,4 25 0,10 [95]
18 |tsc_fc7 Fe3* 19,4800 | 7,4 25 0,10 [95]
19 | tsc_fc8 Cd?* 55440 | 9,0 25 0 [81]

20 |tsc_fcl0 Ni?* 6,4886 | 8,5 25 0 [63]
21 |tsc _fcl0 Co?* 6,3820 | 4,0 25 0 [65]
22 | tsc_fca V5 53222 | 6,0 25 0 [119]
23 | tsc_fcl2 Mo®* 6,3365| 4,0 25 0 [62]
24 |tsc_fcl2 | Cu? 6,2355 | 9,0 25 0 [64]
25 |tsc_fcl5 | Cu? 13,3300 | 5,0 35 0,10 [136]
26 |tsc fcl5 Ni%* 12,6200 | 5,5 35 0,10 [136]
27 |tsc_fcl5 | Co? 11,9700 | 4,0 35 0,10 [136]
28 |tsc _fcl5 Mn?* 10,5500 | 4,0 35 0,10 [136]
29 |tsc_fcl7 Cu®* 6,1790 | 7,0 20 0 [53]
30 |tsc fcl7 | Cu? 6,4683 | 7,0 25 0 [53]
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STT | Ligand lon logP11 pH T,°C | Lucion | Tailiéu
31 |tsc fcl7 Cu®* 74183 | 7,0 30 0 [53]
32 |tsc_fcl7 Cu®* 7,7559 | 7,0 35 0 [53]
33 |tsc_fc22 | Cu? 6,1140 | 6,0 25 0 [118]
34 | tsc_fc23 Cu®* 56330 | 45 25 0 [113]
35 | tsc_fc2 Co?* 53600 | 6,0 30 0,10 [77]
36 | tsc_fc2 Zn?* 52300 | 6,0 30 0,10 [77]
37 |tsc_fc25 Co?* 50990 | 9,0 25 0 [152]
38 |tsc_fc28 | Cu? 11,9500 | 5,0 25 0,10 [15]
39 |tsc_fc28 Co?* 10,2200 | 5,0 25 0,10 [15]
40 | tsc_fc28 Ni%* 10,8900 | 5,0 25 0,10 [15]
41 |tsc fc28 | Cu* 11,8400 | 8,0 15 0,10 [42]
42 | tsc_fc28 Ni%* 11,0800 | 8,0 15 0,10 [42]
43 | tsc_fc28 Co?* 10,1800 | 8,0 15 0,10 [42]
44 | tsc_fc32 Maob* 6,5514 | 4,0 25 0 [82]
45 |tsc fc33 | Cr¢* 4,8420 | 6,0 25 0 [139]
46 | tsc_fc34 Cu?* 7,0800 | 5,0 25 0,15 [46]
47 | tsc_fc34 Fed* 7,0600| 5,0 25 0,15 [46]
48 |tsc_fc18 La%* 7,6000| 1,0 25 0 [48]
49 | tsc fcl8 Pr3* 7,7600 | 1,0 25 0 [48]
50 |tsc_fcl8 | Nd** 7,9500 | 1,0 25 0 [48]
51 |tsc_fcl8 Gd®* 8,1600 | 1,0 25 0 [48]
52 |tsc_fcl8 Sms* 8,2600 | 1,0 25 0 [48]
53 |tsc_fcl8 | Th% 8,3400 | 1,0 25 0 [48]
54 |tsc_fcl8 | Dy 8,4900 | 1,0 25 0 [48]
55 |tsc_fcl8 Ho®* 8,6400 | 1,0 25 0 [48]
56 |tsc_fcl8 | La%* 6,8200| 1,0 25 0,20 [48]
57 |tsc_fcl8 Pr3+ 7,0500 | 1,0 25 0,20 [48]
58 |tsc_fcl8 | Nd** 7,3800 | 1,0 25 0,20 [48]
59 |tsc_fcl8 | Gd** 75100 1,0 25 0,20 [48]
60 |tsc fcl8 Sm3* 7,6000 | 1,0 25 0,20 [48]
61 |tsc fcl8 | Th3 7.8600 | 1,0 25 0,20 [48]
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STT | Ligand lon logP11 pH T,°C | Lwcion | Tailiéu
62 | tsc_fcl8 Dy3* 7,8800 | 1,0 25 0,20 [48]
63 | tsc_fcl8 Ho3* 7,9500 | 1,0 25 0,20 [48]
64 |tsc_fcl8 La%* 6,9100 | 1,0 25 0,10 [48]
65 |tsc_fcl8 Pr3* 7,1200 | 1,0 25 0,10 [48]
66 |tsc_fcl8 Nd3* 75400 | 1,0 25 0,10 [48]
67 |tsc_fcl8 Gd®* 75700 | 1,0 25 0,10 [48]
68 | tsc_fcl8 Sms* 7,6600 | 1,0 25 0,10 [48]
69 |tsc_fcl8 Th3* 7,8100| 1,0 25 0,10 [48]
70 |tsc_fc18 | Dy* 7,9300 | 1,0 25 0,10 [48]
71 | tsc_fcl8 Ho3* 8,0200 | 1,0 25 0,10 [48]
72 | tsc_fcl8 La%* 7,0200| 1,0 25 0,05 [48]
73 | tsc_fcl8 Pr3* 7,3300 | 1,0 25 0,05 [48]
74 | tsc_fcl8 Nd3* 75900 1,0 25 0,05 [48]
75 | tsc_fcl8 Gd®* 7,6300| 1,0 25 0,05 [48]
76 |tsc fc18 | Sm3* 7,7900 | 1,0 25 0,05 [48]
77 | tsc_fcl8 Th3* 8,0600 | 1,0 25 0,05 [48]
78 |tsc_fc18 | Dy 8,0800 | 1,0 25 0,05 [48]
79 |tsc_fcl8 Hod* 8,1500 | 1,0 25 0,05 [48]
80 |tsc fcl8 La%* 7,1400 | 1,0 25 0,02 [48]
81 |tsc_fc18 Pr3* 7,4000 | 1,0 25 0,02 [48]
82 |tsc _fcl8 Nd3* 7,7400 | 1,0 25 0,02 [48]
83 |tsc_fcl8 Gd®* 7,8400 | 1,0 25 0,02 [48]
84 |tsc fc18 | Sm3* 7,9500 | 1,0 25 0,02 [48]
85 |tsc fcl8 Th3* 8,0600 | 1,0 25 0,02 [48]
86 |tsc fc18 | Dy® 8,2400 | 1,0 25 0,02 [48]
87 |tsc fc18 | Ho* 8,2600 | 1,0 25 0,02 [48]
88 |tsc_fc28 Mn?* 9,8700 | 8,0 15 0,10 [42]
89 |tsc fc28 | Cu? 11,7000 | 8,0 25 0,10 [42]
90 | tsc_fc28 Ni2* 10,9400 | 8,0 25 0,10 [42]
91 |tsc_fc28 Co?* 10,0200 | 8,0 25 0,10 [42]
92 |tsc_fc28 Mn? 9,7200 | 8,0 25 0,10 [42]
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STT | Ligand lon logP11 pH T,°C | Lucion | Tailiéu
93 |tsc_fc28 Cu? 11,5300 | 8,0 35 0,10 [42]
94 | tsc_fc28 Ni2* 10,7900 | 8,0 35 0,10 [42]
95 |tsc_fc28 Co? 9,9000 | 8,0 35 0,10 [42]
96 |tsc_fc28 Mn?2* 9,6000 | 8,0 35 0,10 [42]
97 |tsc_fc4l Cu? 12,3000 | 8,0 15 0,10 [42]
98 |tsc_fcal Ni2 11,2100 | 8,0 15 0,10 [42]
99 |tsc_fcal Co? 10,5900 | 8,0 15 0,10 [42]
100 |tsc_fc4l Mn?* 10,0500 | 8,0 15 0,10 [42]
101 |tsc_fc4l Cu? 12,1400 | 8,0 25 0,10 [42]
102 |tsc_fc4l Ni2* 11,0300 | 8,0 25 0,10 [42]
103 |tsc_fc4l Co? 10,4700 | 8,0 25 0,10 [42]
104 |tsc_fc4l Mn?2* 9,9100| 8,0 25 0,10 [42]
105 |tsc_fc4l Cu? 11,9800 | 8,0 35 0,10 [42]
106 |tsc_fc4l Ni2* 10,9100 | 8,0 35 0,10 [42]
107 |tsc_fc4l Co?* 10,3000 | 8,0 35 0,10 [42]
108 |tsc_fc4l Mn?* 9,7700 | 8,0 35 0,10 [42]
109 |tsc_fc43 Cd?* 5,8600 | 6,0 25 0 [78]
110 | tsc_fc44 Cu? 14,5600 | 7,4 25 0 [121]
111 | tsc_fc44d Zn? 6,6800 | 7,4 25 0 [121]
112 | tsc_fc4s Cu? 14,6700 | 7,4 25 0 [121]
113 | tsc_fc45 Zn? 6,1300 | 74 25 0 [121]
114 | tsc_fc46 Cu? 15,6500 | 7,4 25 0 [121]
115 | tsc_fc46 Zn? 7,3000 | 7.4 25 0 [121]
116 |tsc_fc47 Ag* 15,5000 | 5,0 20 0 [69]
117 | tsc_fc30 Ag* 14,0000 | 5,0 20 0 [69]
118 |tsc_fc48 Ag* 14,5000 | 5,0 20 0 [69]
119 |tsc_fc4 Ag* 15,7000 | 5,0 20 0 [69]
120 |tsc_fc49 Ag* 15,6000 | 5,0 20 0 [69]
121 | tsc_fc50 Ag* 17,2000 | 5,0 20 0 [69]
122 | tsc_fc47 Cu?* 17,7000 | 4,5 25 0 [20],[68]
123 | tsc_fc30 Cu? 20,4000 | 4,5 25 0 [20],[68]
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STT | Ligand lon logP11 pH T,°C | Lwcion | Tailiéu
124 |tsc_fc48 | Cu?* 19,1000 | 4,5 25 0 [20],[68]
125 |tsc_fc50 | Cu?* 15,3000 | 4,5 25 0 [20],[68]
126 | tsc_fc51 Cu?* 19,1000 | 4,5 25 0 [20],[68]
127 | tsc_fc4 Cu?* 19,1000 | 4,5 25 0 [20],[68]
128 | tsc_fc49 Cu?* 17,2000 | 4,5 25 0 [20],[68]
129 | tsc_fc15 Mn?* 5,3600 | 2,7 15 0,10 [50]
130 | tsc_fclb Mn?* 52800 | 2,7 25 0,10 [50]
131 |tsc_fc15 Mn?* 5,0600 | 2,7 35 0,10 [50]
132 | tsc_fcl5 Mn?* 4,1200 | 2,7 45 0,10 [50]
133 | tsc_fcl5 Pb2* 7,1000 | 2,7 15 0,10 [50]
134 |tsc_fcl5 | Pb2* 6,8300 | 2,7 25 0,10 [50]
135 | tsc_fcl5 Pb2* 6,7200 | 2,7 35 0,10 [50]
136 | tsc_fcl5 Pb2* 6,5300 | 2,7 45 0,10 [50]
137 | tsc_fcl5 Cd?* 7,3400 | 2,7 15 0,10 [50]
138 |tsc_fcl5 | Cd?* 70700 | 27 25 0,10 [50]
139 | tsc_fcl5 Cd?* 6,9900 | 2,7 35 0,10 [50]
140 |tsc_fc15 | Cd?* 6,7900 | 2,7 45 0,10 [50]
141 |[tsc_fcls | zn? 74700 | 2,7 15 0,10 [50]
142 |tsc_fcl5 | zn? 74200 | 27 25 0,10 [50]
143 | tsc_fc15 Zn?* 7,2800 | 2,7 35 0,10 [50]
144 |tsc_fcl5 | zn?* 71100 | 27 45 0,10 [50]
145 | tsc_fcl5 Fe?* 8,1500 | 2,7 15 0,10 [50]
146 | tsc_fc15 Fe2* 7,9900 | 2,7 25 0,10 [50]
147 |tsc_fcl5 | Fe? 78400 | 27 35 0,10 [50]
148 | tsc_fcl5 Fe?* 7,6900 | 2,7 45 0,10 [50]
149 |[tsc_fcl5 | Co?* 8,4700 | 2,7 15 0,10 [50]
150 | tsc_fcl5 Co?* 8,0200 | 2,7 25 0,10 [50]
151 |[tsc_fcl5 | Co?* 7,9400 | 2,7 35 0,10 [50]
152 | tsc_fc15 Co?* 7,8600 | 2,7 45 0,10 [50]
153 | tsc_fcl5 Ni%* 8,6500 | 2,7 15 0,10 [50]
154 | tsc_fcl5 Ni?* 8,4800 | 2,7 25 0,10 [50]
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STT | Ligand lon logP11 pH T,°C | Lucion | Tailiéu
155 |tsc_fclb Ni2* 8,3700 | 2,7 35 0,10 [50]
156 |tsc_fclb Ni2* 8,1100 | 2,7 45 0,10 [50]
157 | tsc_fc15 Cu?* 9,8300 | 2,7 15 0,10 [50]
158 |tsc_fclb Cu?* 9,4400 | 2,7 25 0,10 [50]
159 |tsc_fcl5 Cu?* 9,3600 | 2,7 35 0,10 [50]
160 |tsc_fcl5 Cu?* 9,0300 | 2,7 45 0,10 [50]
161 |tsc_fc53 Mg?* 3,3000 | 2,7 15 0,10 [49]
162 | tsc_fc53 Mg?* 3,0300 | 2,7 30 0,10 [49]
163 |tsc fc53 | Mg 2,9200 | 2,7 50 0,10 [49]
164 | tsc_fc53 Mn?* 5,0000 | 2,7 15 0,10 [49]
165 | tsc_fc53 Mn?* 45100 | 2,7 30 0,10 [49]
166 | tsc_fc53 Mn?2* 43200 | 2,7 50 0,10 [49]
167 |tsc_fc53 | Cd?* 55900 | 2,7 15 0,10 [49]
168 | tsc_fc53 Cd?* 48300 | 2,7 30 0,10 [49]
169 |tsc fc53 | Cd?* 4,7400 | 2,7 50 0,10 [49]
170 | tsc_fc53 Pb2* 5,7400 | 2,7 15 0,10 [49]
171 |tsc_fc53 |  Pb?* 5,0100 | 2,7 30 0,10 [49]
172 |tsc_fc53 |  Pb?* 4,900 | 2,7 50 0,10 [49]
173 | tsc_fc53 Ni?* 59400 | 2,7 15 0,10 [49]
174 | tsc_fc53 Ni2* 5,3100 | 2,7 30 0,10 [49]
175 | tsc_fc53 Ni?* 51400 | 2,7 50 0,10 [49]
176 | tsc_fc53 Cu?* 6,8400 | 2,7 15 0,10 [49]
177 |tsc_fc53 | Cu? 59100 | 2,7 30 0,10 [49]
178 | tsc_fc53 Cu?* 58100 | 2,7 50 0,10 [49]
179 | tsc_fc55 Cu?* 57482 | 45 25 0 [115]
180 |tsc_fc42 | Mg? 3,4000 | 10 20 0,10 [127]
181 |tsc_fc42 | Mg 3,3400 | 10 30 0,10 [127]
182 |tsc_fc42 | Mg? 3,3100 | 10 40 0,10 [127]
183 |tsc_fc42 | Mg? 3,2500 | 10 50 0,10 [127]
184 | tsc_fc42 Mn?* 5,6700 10 20 0,10 [127]
185 |tsc_fcd2 | Mn?* 53600 | 10 30 0,10 [127]
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STT | Ligand lon logP11 pH T,°C | Lwcion | Tailiéu
186 | tsc_fc42 Mn?2* 5,2000 | 10 40 0,10 [127]
187 | tsc_fc42 Mn?2* 46600 | 10 50 0,10 [127]
188 |tsc_fc42 | Cd?* 6,5600 | 10 20 0,10 [127]
189 | tsc_fc42 Cd?* 6,4700 | 10 30 0,10 [127]
190 |tsc_fc42 | Cd?* 6,1200 | 10 40 0,10 [127]
191 |tsc_fc42 | Cd?* 59300 | 10 50 0,10 [127]
192 | tsc_fc42 Pb2* 7,6400 | 10 20 0,10 [127]
193 |tsc_fc42 |  Pb?* 7,2300 | 10 30 0,10 [127]
194 | tsc_fc42 Pb2* 6,6800 | 10 40 0,10 [127]
195 | tsc_fc42 Pb2* 6,5700 | 10 50 0,10 [127]
196 | tsc_fc42 Zn? 8,3500 | 10 20 0,10 [127]
197 | tsc_fc42 Zn? 8,1100 | 10 30 0,10 [127]
198 |tsc_fcd42 | zZn?* 7,7000 | 10 40 0,10 [127]
199 | tsc_fc42 Zn? 7,1700 | 10 50 0,10 [127]
200 |tsc fc42 | Co?* 9,0000 | 10 20 0,10 [127]
201 |tsc_fc42 Co?* 8,4300 | 10 30 0,10 [127]
202 |tsc_fc42 | Co? 8,1300 | 10 40 0,10 [127]
203 |tsc_fc42 | Co?* 7,8900 | 10 50 0,10 [127]
204 | tsc_fc42 Ni2* 9,6000 | 10 20 0,10 [127]
205 | tsc_fc42 Ni2* 9,1300 | 10 30 0,10 [127]
206 | tsc_fc42 Ni2* 9,0700 | 10 40 0,10 [127]
207 | tsc_fc42 Ni?* 8,3700 | 10 50 0,10 [127]
208 |tsc fcd42 | Cu? 9,7800 | 10 20 0,10 [127]
209 |tsc_fc42 Cu?* 9,3400 | 10 30 0,10 [127]
210 |tsc_fc42 Cu?* 9,2900 | 10 40 0,10 [127]
211 |tsc_fcd42 | Cu? 8,6800 | 10 50 0,10 [127]
212 | tsc_fc56 Cu?* 8,7140 | 10 30 0,02 [127]
213 |tsc_fcs56 | Cu?* 8,4190 | 10 30 0,05 [128]
214 |tsc_fc56 | Cu?* 8,1780 | 10 30 0,10 [128]
215 |tsc_fc56 Cu?* 7,7960 | 10 30 0,20 [128]
216 |tsc_fc56 Cu?* 8,2890 | 10 40 0,10 [128]
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STT | Ligand lon logP11 pH T,°C | Lucion | Tailiéu
217 | tsc_fc56 Cu? 8,6340 | 10 45 0,10 [128]
218 | tsc_fc56 Cu? 8,7410 | 10 50 0,10 [128]
219 | tsc_fc56 Cu? 9,060 | 10 30 0,00 [128]
220 | tsc_fc56 Ni2* 8,2210 | 10 30 0,02 [128]
221 | tsc_fc56 Ni2* 8,1240 | 10 30 0,05 [128]
222 | tsc_fc56 Ni2 7,9100 | 10 30 0,10 [128]
223 | tsc_fc56 Ni2* 7,7090 | 10 30 0,20 [128]
224 | tsc_fc56 Ni2* 7,9980 | 10 40 0,10 [128]
225 | tsc_fc56 Ni2* 8,0910 | 10 45 0,10 [128]
226 | tsc_fc56 Ni2* 8,1630 | 10 50 0,10 [128]
227 | tsc_fc56 Ni2* 8,5000 | 10 30 0,00 [128]
228 | tsc_fc56 Pb? 8,10900 | 10 30 0,02 [128]
229 | tsc_fc56 Ph?* 7,8610 | 10 30 0,05 [128]
230 | tsc_fc56 Ph?* 7,6530 | 10 30 0,10 [128]
231 | tsc_fc56 Pb? 7,3070 | 10 30 0,20 [128]
232 | tsc_fc56 Ph?* 7,8520 | 10 40 0,10 [128]
233 | tsc_fc56 Pb? 7,9920 | 10 45 0,10 [128]
234 | tsc_fc56 Pb? 8,0650 | 10 50 0,10 [128]
235 | tsc_fc56 Co? 8,0140 | 10 30 0,02 [128]
236 | tsc_fc56 Co?* 7,6680 | 10 30 0,05 [128]
237 | tsc_fc56 Co? 75910 | 10 30 0,10 [128]
238 | tsc_fc56 Co? 7,2510 | 10 30 0,20 [128]
239 | tsc_fc56 Co?* 7,8060 | 10 40 0,10 [128]
240 | tsc_fc56 Co? 79140 | 10 45 0,10 [128]
241 | tsc_fc56 Co? 7,9630 | 10 50 0,10 [128]
242 | tsc_fc56 Co?* 8,3400 | 10 30 0,00 [128]
243 | tsc_fc56 Zn* 7,8200 | 10 30 0,02 [128]
244 | tsc_fc56 A 75340 | 10 30 0,05 [128]
245 | tsc_fc56 A 7,4230 | 10 30 0,10 [128]
246 | tsc_fc56 Zn* 7,0390 | 10 30 0,20 [128]
247 | tsc_fc56 Zn? 7,6450 | 10 40 0,10 [128]
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STT | Ligand lon logP11 pH T,°C | Lwcion | Tailiéu
248 | tsc_fc56 Zn* 7,6540 | 10 45 0,10 [128]
249 | tsc_fc56 Zn* 79190 | 10 50 0,10 [128]
250 | tsc_fc56 Zn?* 8,1600 | 10 30 0,00 [128]
251 | tsc_fc56 Cd?* 7,4090 | 10 30 0,02 [128]
252 | tsc_fc56 Cd? 7,0150 | 10 30 0,05 [128]
253 | tsc_fc56 Cd? 6,8630 | 10 30 0,10 [128]
254 | tsc_fc56 Cd?* 6,6110 | 10 30 0,20 [128]
255 | tsc_fc56 Cd? 7,1840 | 10 40 0,10 [128]
256 | tsc_fc56 Cd? 75990 | 10 45 0,10 [128]
257 | tsc_fc56 Cd? 7,8890 | 10 50 0,10 [128]
258 | tsc_fc56 Mn?* 6,0410 | 10 30 0,02 [128]
259 | tsc_fc56 Mn?2* 58200 | 10 30 0,05 [128]
260 | tsc_fc56 Mn?* 56210 | 10 30 0,10 [128]
261 | tsc_fc56 Mn?* 54390 | 10 30 0,20 [128]
262 | tsc_fc56 Mn?2* 58490 | 10 40 0,10 [128]
263 | tsc_fc56 Mn?* 59420 | 10 45 0,10 [128]
264 | tsc_fc56 Mn?2* 59480 | 10 50 0,10 [128]
265 | tsc_fc56 Mn?2* 6,2300 | 10 30 0,00 [128]
266 | tsc_fc57 Cu? 11,6100 | 2,4 28 0,10 [132]
267 | tsc_fc57 Cu?* 10,5700 | 2,4 38 0,10 [132]
268 | tsc_fc57 Ni?* 12,7100 | 2,4 28 0,10 [132]
269 | tsc_fc57 Ni?* 11,2100 | 24 38 0,10 [132]
270 | tsc_fc57 Co?* 11,9500 | 2,4 28 0,10 [132]
271 | tsc_fc57 Co? 9,8700 | 2,4 38 0,10 [132]
272 | tsc_fc57 Mn?* 12,1400 | 2,4 28 0,10 [132]
273 | tsc_fc57 Mn?* 9,9900 | 2,4 38 0,10 [132]
274 | tsc_fc57 Zn?* 11,3200 | 2,4 28 0,10 [132]
275 | tsc_fc57 Zn% 8,7400 | 2,4 38 0,10 [132]
276 | tsc_fc58 La%* 10,8400 | 2,4 28 0,10 [133]
277 | tsc_fc58 La%* 9,4500 | 2,4 38 0,10 [133]
278 | tsc_fch8 Pré* 11,0400 | 2,4 28 0,10 [133]
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STT | Ligand lon logP11 pH T,°C | Lucion | Tailiéu
279 | tsc_fc58 Pr3* 10,4200 | 2,4 38 0,10 [133]
280 | tsc_fc58 Nd3* 9,0000| 2,4 28 0,10 [133]
281 |tsc_fc58 Nd3* 8,4100 | 2,4 38 0,10 [133]
282 | tsc_fc58 Cd? 10,6300 | 2,4 28 0,10 [131]
283 | tsc_fch8 Cd? 10,9500 | 2,4 38 0,10 [131]
284 | tsc_fch8 AR 11,2400 | 2,4 28 0,10 [131]
285 | tsc_fc58 AR 10,9800 | 2,4 38 0,10 [131]
286 | tsc_fc58 Cr3* 10,1500 | 2,4 28 0,10 [131]
287 | tsc_fc58 Cr3* 11,2500 | 2,4 38 0,10 [131]
288 | tsc_fc58 Fe3* 11,6300 | 2,4 28 0,10 [131]
289 | tsc_fch8 Fedt 11,1000 | 2,4 38 0,10 [131]
290 | tsc_fc59 Fe3* 54960 | 3,4 25 1,0 [149]
291 |tsc_fcl8 Cu? 54910 | 9,0 25 0 [13]
292 |tsc_fcl9 Cu? 59240 | 9,0 25 0 [13]
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Bang p4.3. Dir liéu phuzc ML trong nghién czzu QSPR

STT | Ligand | Kim loai | logpi2 pH T,°C | Lucion | Tailiéu
1 |tsc fcl Cu?* 12,0730 | 4,0 30 0 [109]
2 |tsc_fc13| Cu* 7,9164 | 5,0 27 0,20 [116]
3 |tsc_fcl3 Cu?* 7,9165| 5,0 25 0 [115]
4 |tsc fcl7| cu? 6,1732| 7,0 20 0 [53]
5 |tsc_fcl7 Cu?* 6,6345| 7,0 25 0 [53]
6 |tsc fcl7| Cu* 6,9469 | 7,0 30 0 [53]
7 |tsc fcl7| cu® 72878 | 7,0 35 0 [53]
8 |tscfcl | Ni#* 10,7440 | 5,0 25 0 [110]
9 |tsc fc25| Cd* 55100 | 9,0 25 0 [152]
10 |[tsc fc26| Cu® 8,6946 | 5,7 40 0,2 [21]
11 |tsc_fc26| Ag* 10,3362 | 5,7 35 0,12 [21]
12 |tsc fc26| Ag* 10,1625 | 57 40 0,12 [21]
13 |tsc_fc26 | Hg®* 10,1625 | 5,7 40 0 [21]
14 |tsc_fc26 | Hg?* 10,2493 | 5,7 40 0,12 [21]
15 | tsc_fc3 Cu?* 10,7730 | 6,5 25 0 [129]
16 |tsc fc29| Co* 10,1104 | 9,3 25 0 [19]
17 |tsc_fc29| Co* 10,0365 | 9,3 30 0 [19]
18 |tsc_fc29| Co** 9,9584 | 9,3 35 0 [19]
19 |tsc fc29| Co* 9,8715| 9,3 40 0 [19]
20 |tsc_fc29 Ni%* 10,5056 | 9,3 25 0 [19]
21 |tsc_fc29| Ni?* 10,3753 | 9,3 30 0 [19]
22 |tsc_fc29| Ni?* 10,2624 | 9,3 35 0 [19]
23 | tsc_fc29 Ni%* 10,1408 | 9,3 40 0 [19]
24 |tsc_fc29| cCu* 11,9952 | 9,3 25 0 [19]
25 |tsc fc29| cCu® 11,8823 | 9,3 30 0 [19]
26 |tsc fc29| cCu?* 11,7781 | 9,3 35 0 [19]
27 |tsc_fc29| cCu* 11,6434 | 93 40 0 [19]
28 |tsc fc29| Ag* 9,9410 | 9,3 25 0 [19]
29 |tsc_fc29| Ag* 9,8802 | 9,3 30 0 [19]
30 |tsc fc29| Ag* 9,8151| 9,3 35 0 [19]
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STT | Ligand | Kimloai | logpi> pH T,°C | Lwcion | Tailiéu
31 |tsc fc29| Ag* 9,7369 | 9,3 40 0 [19]
32 | tsc_fc29 Cd?* 11,1310 | 9,3 25 0 [19]
33 |tsc_fc29 | Cd* 11,0398 | 9,3 30 0 [19]
34 | tsc_fc29 Cd?* 10,9225 | 9,3 35 0 [19]
35 |tsc_fc29 | Cd* 10,8183 | 9,3 40 0 [19]
36 |tsc_fc29| Hg* 11,6825 | 9,3 25 0 [19]
37 |tsc fc29| Hg?* 11,5522 | 9,3 30 0 [19]
38 |tsc_fc29| Hg* 11,4176 | 9,3 35 0 [19]
39 |tsc_fc29| Hg? 11,2569 | 9,3 40 0 [19]
40 | tsc_fc28 Cu?* 22,3200 | 8,0 25 0,10 [42]
41 |tsc_fc28| Cu? 22,0200 | 8,0 35 0,10 [42]
42 | tsc_fc28 Ni2* 20,9300 | 8,0 25 0,10 [42]
43 | tsc_fc28 Ni2* 20,6300 | 8,0 35 0,10 [42]
44 |tsc_fc28| Co* 19,9500 | 8,0 15 0,10 [42]
45 |tsc_fc28| Co?* 19,6600 | 8,0 25 0,10 [42]
46 | tsc_fc28 Mn?* 19,1800 | 8,0 15 0,10 [42]
47 | tsc_fcal Cu?* 23,4400 | 8,0 15 0,10 [42]
48 |tsc_fcal| Cu? 23,1800 | 8,0 25 0,10 [42]
49 |tsc_fcal Cu?* 22,8200 | 8,0 35 0,10 [42]
50 |tsc_fc4l| Ni?* 21,4000 | 8,0 15 0,10 [42]
51 |tsc_fc4l Ni?* 21,1200 8,0 25 0,10 [42]
52 |tsc_fc4l Ni?* 20,8200 | 8,0 35 0,10 [42]
53 |tsc_fc4l| Co?* 20,2100 | 8,0 15 0,10 [42]
54 |tsc_fc4l Co?* 19,9600 | 8,0 25 0,10 [42]
55 |tsc_fc4l Co?* 19,6500 | 8,0 35 0,10 [42]
56 |tsc_fc4l| Mn2* 19,4500 | 8,0 15 0,10 [42]
57 |tsc_fcal Mn?* 19,2000 | 8,0 25 0,10 [42]
58 |tsc_fc4l| Mn?* 18,9000 | 8,0 35 0,10 [42]
59 |tsc_fc52 | Cu?* 8,3211 | 4,0 25 0 [20]
60 |tsc_fc52 Cu?* 8,3558 | 4,0 25 0,20 [20]
61 |tsc_fc52| Cu? 8,3428 | 4,0 25 0,13 [20]
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STT | Ligand | Kimloai | logpi> pH T,°C | Lwcion | Taili¢u
62 |tsc_fc52 Cu?* 8,3341 | 4,0 25 0,07 [20]
63 | tsc_fc52 Cu?* 8,2342 | 4,0 30 0 [20]
64 |tsc_fc52| Cu?* 8,2646 | 4,0 30 0,20 [20]
65 |tsc_fc52 Cu?* 8,2559 | 4,0 30 0,13 [20]
66 |tsc_fc52| Cu?* 8,1995| 4,0 30 0,07 [20]
67 |[tsc_fch2| Cu?* 8,1474 | 4,0 35 0 [20]
68 | tsc_fc52 Cu?* 8,1734 | 4,0 35 0,20 [20]
69 |tsc_fc52| Cu?* 8,1647 | 4,0 35 0,13 [20]
70 | tsc_fc52 Cu?* 8,0692 | 4,0 35 0,07 [20]
71 |tsc_fc52 | Cu?* 8,0518 | 4,0 40 0 [20]
72 |tsc_fc52| Cu?* 8,1995| 4,0 40 0,20 [20]
73 | tsc_fc52 Cu?* 8,1387 | 4,0 40 0,13 [20]
74 |tsc_fc52| Cu?* 8,0692 | 4,0 40 0,07 [20]
75 |tsc_fc52 | Hg?* 10,3020 | 4,0 25 0 [20]
76 |tsc_fc52 | Hg?* 10,4750 | 4,0 25 0,20 [20]
77 |tsc fc52| Hg? 10,4190 | 4,0 25 0,13 [20]
78 |tsc_fc52 | Hg?* 10,3710 | 4,0 25 0,07 [20]
79 |tsc_fc52 | Hg?* 10,4100 | 4,0 30 0 [20]
80 |tsc_fc52 Hg?* 10,5620 | 4,0 30 0,20 [20]
81 |tsc_fc52 | Hg?* 10,5140 | 4,0 30 0,13 [20]
82 |tsc_fch2 Hg?* 10,4710 | 4,0 30 0,07 [20]
83 |tsc_fc52 | Hg?* 10,5230 | 4,0 35 0 [20]
84 |tsc_fc52 | Hg?* 10,6490 | 4,0 35 0,20 [20]
85 | tsc_fc52 Hg? 10,6100 | 4,0 35 0,13 [20]
86 | tsc_fc52 Hg? 10,5750 | 4,0 35 0,07 [20]
87 |tsc_fc52 | Hg?* 10,6320 | 4,0 40 0 [20]
88 |tsc_fc52 | Hg?* 10,7400 | 4,0 40 0,20 [20]
89 |tsc_fc52 | Hg?* 10,7050 | 4,0 40 0,13 [20]
90 |tsc_fc52 | Hg?* 10,6750 | 4,0 40 0,07 [20]
91 |tsc fc52| Ag* 9,1984 | 4,0 25 0 [20]
92 |tsc_fch2 Ag* 9,6457 | 4,0 25 0,20 [20]
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STT | Ligand | Kimloai | logpi> pH T,°C | Lwcion | Tailiéu
93 | tsc_fc52 Ag* 9,4893 | 4,0 25 0,13 [20]
94 | tsc_fc52 Ag* 9,3547 | 4,0 25 0,07 [20]
95 |tsc_fc52 Ag* 9,3460 | 4,0 30 0 [20]
96 |tsc_fc52 Ag* 9,8585| 4,0 30 0,20 [20]
97 | tsc_fc52 Ag* 9,6761| 4,0 30 0,13 [20]
98 | tsc_fc52 Ag* 9,4763 | 4,0 30 0,07 [20]
99 |tsc_fc52 Ag* 9,5197 | 4,0 35 0 [20]
100 | tsc_fc52 Ag* 10,1190 | 4,0 35 0,20 [20]
101 | tsc_fc52 Ag* 9,8032 | 4,0 35 0,13 [20]
102 | tsc_fc52 Ag* 9,7282 | 4,0 35 0,07 [20]
103 | tsc_fc52 Ag* 9,6717 | 4,0 40 0 [20]
104 | tsc_fc52 Ag* 10,1930 | 4,0 40 0,20 [20]
105 | tsc_fc52 Ag* 10,0110 | 4,0 40 0,13 [20]
106 | tsc_fc52 Ag* 9,8541| 4,0 40 0,07 [20]
107 | tsc_fc52 Ni2* 6,7229 | 9,6 25 0 [20]
108 | tsc_fc52 Ni2* 6,7576 | 9,6 25 0,20 [20]
109 | tsc_fc52 Ni2* 6,7446 | 9,6 25 0,13 [20]
110 | tsc_fc52 Ni2* 6,7359 | 9,6 25 0,07 [20]
111 | tsc_fc52 Ni2 6,7620 | 9,6 30 0 [20]
112 | tsc_fc52 Ni2* 6,7967 | 9,6 30 0,20 [20]
113 | tsc_fc52 Ni2* 6,7793 | 9,6 30 0,13 [20]
114 | tsc_fc52 Ni2 6,7750 | 9,6 30 0,07 [20]
115 | tsc_fc52 Ni2* 6,8228 | 9,6 35 0 [20]
116 | tsc_fc52 Ni2* 6,8575| 9,6 35 0,20 [20]
117 | tsc_fc52 Ni2* 6,8445| 9,6 35 0,13 [20]
118 | tsc_fc52 Ni2* 6,8401 | 9,6 35 0,07 [20]
119 | tsc_fc52 Ni2* 6,8879 | 9,6 40 0 [20]
120 | tsc_fc52 Ni2* 6,9270 | 9,6 40 0,20 [20]
121 | tsc_fc52 Ni2* 6,9096 | 9,6 40 0,13 [20]
122 | tsc_fc52 Ni2* 6,9009 | 9,6 40 0,07 [20]
123 |tsc_fc42 | Mg? 6,5200 | 10 30 0,10 [127]
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STT | Ligand | Kimloai | logpi> pH T,°C | Lwcion | Taili¢u
124 |tsc_fc42 | Mg?* 6,2100 | 10 40 0,10 [127]
125 |tsc_fc56 | Cu?* 16,5830 | 10 30 0,02 [128]
126 |tsc_fc56 | Cu? 16,2850 | 10 30 0,05 [128]
127 |tsc_fc56 | Cu?* 15,6200 | 10 30 0,10 [128]
128 |tsc_fc56 | Cu? 14,8530 | 10 30 0,20 [128]
129 |tsc_fc56 | Cu? 15,9720 | 10 40 0,10 [128]
130 |tsc_fc56 | Cu? 16,4230 | 10 45 0,10 [128]
131 |tsc_fc56 | Cu? 16,6390 | 10 50 0,10 [128]
132 |tsc_fc56 | Zn? 15,0560 | 10 50 0,10 [128]
133 |tsc_fc56 | Cd?* 13,8370 | 10 50 0,10 [128]
134 |tsc_fc58 | Cd? 18,3200 | 24 38 0,10 [131]
135 |tsc_fc60 | Cu?* 10,3630 | 6,5 25 0 [98]
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Phu luc 5. Dir liéu thuc nghiém phiac ML

Bang p5.1. Di lidu va két qud di dodn nhém 1 - phirc ML

M6 hinh QSPR Tai liéu
STT | Ligand | lon | logBiiexp tham
GA-MLR GA-SVR GA-ANN khao
1t |tsc_fc18 | Dy 8,49 7,51(0,98) 8,275(0,22) 8,301(0,19) | [48]
2v | tsc_fc2 Zn?* 5,23 8,59(-3,36) 4,765(3,73) 5,299(3,19) [77]
3t |tsc fc18 | Pr3* 7,76 | 7,981(-0,22) 8,732(-0,24) 8,357(0,13) | [48]
4a |tsc_fc4l | Cu? 12,14 | 10,557(1,58) | 11,275(-2,79) |  12,125(-3,64) | [42]
5v | tsc fc57 | Mn2* 12,14 | 11,814(0,33) | 11,272(-2,78) |  11,797(-3,31) | [132]
6t |tsc fc17 | Cu?* 6,468 6,298(0,17) 7,336(1,15) 6,03(2,46) |  [53]
7t | tsc_fc58 | Nd** 9,09 | 10,185(-1,10) 9,956(-1,47) 9,13(-0,64) | [133]
8a |tsc_fc30 | Ag' 14 | 3,511(10,49) |  14,868(-6,38) 14,58(-6,09) |  [69]
ot |tsc fc59 | Fe** 5,496 6,898(-1,40) 6,364(2,13) 5,544(2,95) | [149]
10p |tsc_fc58 | Cd?* 10,63 4,929(5,70) 9,759(-1,27) |  10,508(-2,02) | [131]
11v | tsc_fc2 Co* 5,36 8,742(-3,38) 6,227(2,26) 5,392(3,10) [77]
12t | tsc_fc7 Fe3* 19,48 | 18,885(0,59) | 18,613(-10,12) | 19,568(-11,08) | [95]
13a |tsc_fc28 | Cu?* 11,95 | 10,736(1,21) | 11,189(-2,70) |  12,142(-3,65) | [15]
14t |tsc_fc55 | Cu?* 5748 |  6,216(-0,47) 6,617(1,87) 5,934(2,56) | [115]
15v |tsc_fc44 | zZn?* 6,68 6,388(0,29) 7,549(0,94) 6,853(1,64) | [121]
16t |tsc_fc34 | Fe** 7,06 7,093(-0,03) 7,93(0,56) 7,395(1,10) [46]
17a |tsc_fc2 | Mn?* 4,32 9,34(-5,02) 5,188(3,30) 3,454(5,04) |  [76]
18t | tsc_fc10 | Ni?* 6,489 5,653(0,84) 6,357(2,13) 5,654(2,84) [63]
19p |[tsc_fc8 | Cd?* 5544 |  10,25(-4,71) 6,413(2,08) 5,297(3,19) | [81]
20t |tsc_fcl5 | Cd?* 7,07 6,849(0,22) 7,942(0,55) 6,911(1,58) |  [50]
21a | tsc_fc47 | Ag' 15,5 8,897(6,60) |  14,633(-6,14) 15,47(-6,98) |  [69]
22t | tsc_fc56 | Ph?* 8,109 6,072(2,04) 8,979(-0,49) 7,681(0,81) | [128]
23a | tsc_fc56 | Cu?* 9,06 9,927(-0,87) 9,659(-1,17) 8,64(-0,15) | [128]
24v | tsc_fc57 | Cu?* 11,61 | 10,975(0,64) | 10,741(-2,25) |  11,723(-3,23) | [132]
25t | tsc_fc18 | Tb®* 8,34 7,573(0,77) 9,208(-0,72) 8,35(0,14) [48]
26t |tsc_fc42 | Cu®* 9,34 7,308(2,03) 9,039(-0,55) 9,133(-0,64) | [127]

27a | tsc_fc30 | Cu?* 20,4 | 3,011(17,39) | 19,531(-11,04) | 20,846(-12,36) | [20],[68]
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M6 hinh QSPR Tai liéu

STT | Ligand | lon | logfitexp tham
GA-MLR GA-SVR GA-ANN khio

28a |tsc_fcl5 | Co?* 11,97 7553(4,42) |  11,104(-2,61) |  12,514(-4,02) | [136]
29t | tsc_fc50 Ag’ 17,2 16,403(0,80) 16,328(-7,84) 17,62(-9,13) [69]
30a |tsc fcl5 | Ni2* 12,62 7,488(5,13) |  11,748(-3,26) 12,47(-3,98) | [136]
31t |tsc fc42 | Co?* 8,43 7,936(0,49) 9,1(-0,61) 7,523(0,97) | [127]
32t |tsc_fc18 | La** 7,6 8,529(-0,93) 8,469(0,02) 7,511(0,98) [48]
33p |tsc fc57 | Ni2* 12,71 | 12,428(0,28) |  11,841(-3,35) | 12,061(-3,57) | [132]
34t | tsc_fc42 | Mn?* 536 | 7,776(-2,42) 6,229(2,26) 5,189(3,30) | [127]
35p |tsc fc56 | Ni2* 8,50 2,135(6,37) 9,366(-0,88) 8,047(0,44) | [128]
36v |tsc_fc50 | Cu?* 15,3 15,084(0,22) 15,543(-7,05) 15,203(-6,71) | [20],[68]
37v | tsc_fcl5 | zn?* 7,42 7,242(0,18) 8,289(0,20) 7,197(1,29) |  [50]
38v |tsc fc33 | Cr* 4,842 |  7,659(-2,82) 4,937(3,55) 5,27(3,22) | [139]
39a |tsc_fc58 |  AIP* 11,24 6,391(4,85) 10,372(-1,88) 10,593(-2,10) | [131]
40t | tsc_fcd42 | Pb? 7,23 7,023(0,21) 8,1(0,39) 6,738(1,75) | [127]
41v |tsc_fca5 | zn* 6,13 6,928(-0,80) 6,999(1,49) 6,647(1,84) | [121]
42a |tsc_fc25 | Co?* 5,099 7,36(-2,26) 5,968(2,52) 5,089(3,40) | [152]
43t |tsc_fcl8 | Ho®* 8,64 7,413(1,23) 9,509(-1,02) 8,76(-0,27) [48]
44a |tsc_fc18 | Cu* 5,491 1,625(3,87) 6,36(2,13) 5,215(3,28) [13]
45t | tsc_fcs56 | zn? 8,16 |  8,893(-0,73) 9,029(-0,54) 7,624(0,87) | [128]
46t |tsc_fcls | Pb?* 6,83 6,194(0,64) 7,699(0,79) 6,495(2,00) [50]
47v | tsc_fcdl | Mn?t 9,91 | 11,277(-1,37) 9,758(-1,27) |  10,074(-1,58) | [42]
48p | tsc_fca6 | zn?* 730 | 15,215(-7,92) 8,169(0,32) 7.171(1,32) | [121]
49p |tsc_fc7 | zn? 12,40 | 18,404(-6,00) |  11,532(-3,04) | 13,017(-4,53) | [95]
50a |tsc fc49 | Ag' 15,6 | 4,544(11,06) | 14,731(-6,24) |  15,067(-6,58) |  [69]
51v |tsc_fc53 |  Ni%* 5,31 5,693(-0,38) 6,18(2,31) 5,183(3,31) [49]
52v | tsc_fc53 | Cd?* 4,83 | 5,066(-0,24) 5,698(2,79) 6,339(2,15) |  [49]
53a |tsc_fc32 | Mo®* 6,551 | 10,292(-3,74) 7,419(1,07) 6,602(1,89) | [82]
54a |tsc_fc48 | Cu?* 19,1 | -1,59(20,69) |  18,232(-9,74) | 19,392(-10,90) | [20],[68]
55a |tsc_fc51 | Cu?* 19,1 | 5,197(13,90) | 15,793(-7,30) | 19,621(-11,13) | [20],[68]
56a | tsc_fc45 | Cu?* 14,67 6,696(7,97) 13,799(-5,31) 14,081(-5,59) | [121]
57t |tsc_fc53 | Ph?* 501 | 5,392(-0,38) 6,879(1,61) 5,48(3,01) |  [49]
58v | tsc_fc28 | Mn2* 9,87 | 10,606(-0,74) 9,658(-1,17) |  10,062(-1,57) | [42]
59a | tsc_fc7 Fe?* 12,24 | 18,859(-6,62) |  13,112(-4,62) |  12,234(-3,74) | [95]
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M6 hinh QSPR Tai liéu
STT | Ligand | lon | logBiiexp tham
GA-MLR GA-SVR GA-ANN khio

60a |tsc_fc49 | Cu?* 17,2 | 4,383(12,82) | 16,333(-7,84) |  16,777(-8,29) | [20],[68]
61t |tsc_fc42 | Zn** 8,11 7,48(0,63) 8,978(-0,49) 8,547(-0,06) | [127]
62v | tsc_fcl5 | Ni2* 8,48 7,55(0,93) 8,843(-0,35) 7,857(0,63) |  [50]
63t |tsc fc28 | Co?* 10,22 |  10,89(-0,67) 9,658(-1,17) 9,205(-0,72) |  [15]
64a |tsc_fcl5 | Cu? 13,33 7,116(6,21) |  12,461(-3,97) | 10,185(-1,70) | [136]
65t |tsc fcl2 | Cu?* 6,236 |  6,681(-0,45) 6,104(2,39) 6,697(1,79) |  [64]
66t |tsc_fc42 | Cd** 6,47 7,085(-0,62) 7,339(1,15) 7,114(1,38) | [127]
67p |tsc fcl9 | Cu?* 5,924 | 10,235(-4,31) 6,792(1,70) 5,867(2,62) | [13]
68v | tsc_fc53 | Mn2* 451| 6,167(-1,66) 5,382(3,11) 4,206(4,28) | [49]
69t |tsc_fc46 | Cu®* 15,65 15,25(0,40) 14,782(-6,29) 15,169(-6,68) | [121]
70v | tsc_fcl5 | Mn2* 528 | 7,616(-2,34) 4,41(4,08) 5,081(3,41) | [50]
71v | tsc_fc4 Cu® 5,28 5,197(0,08) 7,793(0,70) 5,621(2,87) [29]
72t |tsc_fc18 | Nd3* 795 | 8,073(-0,12) 8,667(-0,18) 8,324(0,17) |  [48]
73t |tsc_fc18 | Sm®* 8,26 7,812(0,45) 8,883(-0,39) 8,426(0,06) [48]
74v | tsc_fc2 Ni2* 563 | 8,881(-3,25) 6,499(1,99) 5,011(3,48) | [76]
75a | tsc_fc58 | Fed* 11,63 5,664(5,97) | 10,761(-2,27) |  10,746(-2,26) | [131]

76a | tsc_fc47 | Cu? 17,7 8,975(8,73) 16,83(-8,34) 16,807(-8,32) | [20],[68]
77t | tsc_fc18 | Gd* 8,16 7,814(0,35) 8,934(-0,44) 8,41(0,08) |  [48]
78t |tsc_fc28 | Ni?* 10,89 | 12,405(-1,52) |  10,021(-1,53) |  10,274(-1,78) | [15]
79t | tsc_fc42 | Mg? 3,34 | 5,328(-1,99) 4,208(4,28) 2,754(5,74) | [127]
80t |tsc_fc56 | Cd** 7,409 8,666(-1,26) 8,279(0,21) 7,446(1,04) | [128]
8lv |tsc fcl5 | Co?* 8,02 7,641(0,38) 7,149(1,34) 8,144(0,35) | [50]

82a |tsc_fc4 | Cu? 19,1 | 3,188(15,91) | 18,229(-9,74) | 19,152(-10,66) | [20],[68]
83t |tsc_fc58 | La** 10,84 | 10,933(-0,09) 10,46(-1,97) 10,25(-1,76) | [133]
84v |tsc fc53 | Cu?* 5,91 5,531(0,38) 6,302(2,19) 5,411(3,08) | [49]
85p |tsc_fc22 | Cu? 6,114 2,442(3,67) 6,984(1,51) 6,382(2,11) | [118]
86t |tsc fc43 | Cd?* 5,86 5,365(0,50) 6,728(1,76) 5,803(2,69) | [78]
87t |tsc fc7 | Cu?* 17,54 | 17,506(0,03) 16,67(-8,18) |  17,754(-9,26) |  [95]
88v |tsc_fcl5 | Cu®* 9,44 7,162(2,28) 8,807(-0,32) 10,067(-1,58) [50]
89a |tsc fc48 | Ag" 145 | 3,375(11,13) | 15,026(-6,54) |  14,647(-6,16) |  [69]
90v | tsc fc23 | Cu?* 5,633 3,593(2,04) 6,501(1,99) 6,832(1,66) | [113]
9la |tsc_fc4 Ag’ 15,7 6,033(9,67) 14,833(-6,34) 15,36(-6,87) [69]
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M6 hinh QSPR Tai liéu

STT | Ligand | lon | logfitexp tham
GA-MLR GA-SVR GA-ANN khio

92t |[tsc fcl0 | Co?* 6,382 5,107(1,28) 7,25(1,24) 6,137(2,35) |  [65]
93t |tsc_fc34 | Cu* 7,08 6,659(0,42) 7,947(0,54) 7,304(1,19) [46]
94a |tsc_fcl5 | Mn?* 10,55 7,778(2,77) 9,678(-1,19) 9,688(-1,20) | [136]
95a |tsc_fc4d | Cu?* 14,56 6,453(8,11) |  13,692(-5,20) |  14,782(-6,29) | [121]
o6t | tsc_fc42 | Ni%* 9,13 7,74(1,39) 9,075(-0,58) 9,501(-1,01) | [127]
97a | tsc_fc57 | Cu?* 11,95 7,746(4,20) |  11,082(-2,59) |  12,105(-3,62) | [132]
98t | tsc_fc56 | Mn?* 6,23 6,443(-0,21) 7,098(1,39) 6,243(2,25) | [128]
99v | tsc fc4l | Co?* 10,47 | 10,982(-0,51) 9,658(-1,17) |  10,407(-1,92) | [42]
100t | tsc_fc4l | Ni?* 11,03 | 11,777(-0,75) | 10,161(-1,67) | 10,616(-2,13) | [42]
101v | tsc_fcs57 | zn?* 11,32 | 10,866(0,45) | 10,452(-1,96) |  12,244(-3,75) | [132]
102t | tsc_fc58 | Pr3* 11,04 | 10,237(0,80) |  10,171(-1,68) 10,11(-1,62) | [133]
103v | tsc_fcl5 | Fe* 7,99 7,544(0,45) 8,859(-0,37) 7,638(0,85) [50]
104t | tsc_fc56 | Co?* 8,34 8,011(0,33) 9,206(-0,72) 7,455(1,04) | [128]
105a | tsc_fc53 | Mg** 3,03 2,502(0,53) 3,899(4,59) 2,775(5,72) [49]
106v | tsc_fc4 V5 5322 | 5,793(-0,47) 6,191(2,30) 5,354(3,14) | [119]
107t | tsc_fc12 | Mo 6,337 7,278(-0,94) 7,205(1,29) 5,551(2,94) [62]
108a | tsc_fc58 | Cr3* 10,15 6,217(3,93) 9,925(-1,44) 10,916(-2,43) | [131]

Ghi cha:

t: tap luyén; v: tp danh gia; a: tap kiém tra bo sung; p: tap du doan phuc chat mai.
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Bang p5.2a. D liéu tap luyén nhom 2 - phic ML

STT | Ligand lon logfis | pH | T,°C | Lwcion Tai liéu
1 tsc_fc2 Ni2* 5,6300 | 6,0 30 0,10 [76]
2 tsc_fc2 Mn?2* 4,3200| 7,0 30 0,10 [76]
3 |tsc_fca Vo 53222 | 6,0 25 0 [119]
4 | tsc,pk2 Co?* 53600 | 6,0 | 30 0,10 [77]
5 | tsc,pk2 Zn?* 52300 | 6,0 30 0,10 [77]
6 |tsc_fc25 Co? 50990 | 9,0 25 0 [152]
7 |tsc_fc18 La® 7,6000| 1,0 | 25 0 [48]
8 |tsc fci8 Pr3* 7,7600 | 1,0 25 0 [48]
9 |tsc fc18 Nd3* 7,9500| 1,0 | 25 0 [48]
10 | tsc_fc18 Gd3* 8,1600 | 1,0 | 25 0 [48]
11 | tsc_fcl8 Smd* 8,2600 | 1,0 25 0 [48]
12 | tsc_fc18 The* 8,3400| 10 | 25 0 [48]
13 | tsc_fcl8 Dy 8,4900 | 1,0 25 0 [48]
14 | tsc_fcl8 Ho3* 8,6400 | 1,0 25 0 [48]
15 |tsc_fc18 La® 6,8200| 10 | 25 0,20 [48]
16 |tsc fcl8 Pr3* 7,0500 | 1,0 25 0,20 [48]
17 | tsc_fc18 Nd3* 7,3800| 1,0 | 25 0,20 [48]
18 |tsc_fc18 Gd3* 75100 1,0 | 25 0,20 [48]
19 |tsc fcl8 Sm3* 7,6000 | 1,0 25 0,20 [48]

20 | tsc_fc18 The* 7,8600| 1,0 | 25 0,20 [48]
21 | tsc_fc18 Dy3* 7,8800| 1,0 | 25 0,20 [48]
22 | tsc_fcl8 Ho®* 7,9500| 1,0 25 0,20 [48]
23 | tsc_fc18 La® 6,9100| 1,0 | 25 0,10 [48]
24 | tsc_fcl8 Pr3+ 7,1200| 1,0 | 25 0,10 [48]
25 | tsc_fcl8 Nd3* 7,5400 | 1,0 25 0,10 [48]
26 | tsc_fc18 Gd3* 75700 10 | 25 0,10 [48]
27 | tsc_fcl8 Sm3* 7,6600 | 1,0 25 0,10 [48]
28 | tsc_fc18 The* 7,8100| 10 | 25 0,10 [48]
29 |tsc_fcl8 Dy 7,9300| 1,0 25 0,10 [48]
30 |tsc_fcl8 Ho3®* 8,0200 | 1,0 25 0,10 [48]
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STT | Ligand lon logfs | pH | T,°C | Lucion Tai liéu
31 |tsc_fcl8 La%* 7,0200| 1,0 25 0,05 [48]
32 |tsc_fcl8 Pr3* 7,3300| 1,0 25 0,05 [48]
33 |tsc_fcl8 Nd3* 7,5900| 1,0 25 0,05 [48]
34 |tsc_fcl8 Gd®* 7,6300| 1,0 25 0,05 [48]
35 |tsc_fcl8 Sms* 7,7900 | 1,0 25 0,05 [48]
36 |tsc_fcl8 Th%* 8,0600 | 1,0 25 0,05 [48]
37 |tsc_fcl8 Dy3* 8,0800 | 1,0 25 0,05 [48]
38 |tsc_fcl8 Ho3®* 8,1500 | 1,0 25 0,05 [48]
39 |tsc_fcl8 La%* 7,1400 | 1,0 25 0,02 [48]
40 |tsc_fcl8 Pré+ 7,4000 | 1,0 25 0,02 [48]
41 | tsc_fcl8 Nd3* 7,7400 | 1,0 25 0,02 [48]
42 | tsc_fcl8 Gd®* 7,8400 | 1,0 25 0,02 [48]
43 | tsc_fcl8 Sms* 7,9500| 1,0 25 0,02 [48]
44 | tsc_fcl8 Th3 8,0600 | 1,0 25 0,02 [48]
45 | tsc_fcl8 Dy3* 8,2400 | 1,0 25 0,02 [48]
46 | tsc_fcl8 Ho3®* 8,2600 | 1,0 25 0,02 [48]
47 | tsc_fca7 Ag* 15,5000 | 5,0 20 0 [69]
48 | tsc_fc30 Ag* 14,0000 | 5,0 20 0 [69]
49 | tsc_fc49 Ag* 15,6000 | 5,0 20 0 [69]
50 |tsc_fca7 Cu? 17,7000 | 4,5 25 0 [20], [68]
51 |tsc_fc30 Cu? 20,4000 | 4,5 25 0 [20], [68]
52 |tsc_fc51 Cu? 19,1000 | 4,5 25 0 [20], [68]
53 |tsc_fc53 Mg?* 3,3000 | 2,7 15 0,10 [49]
54 | tsc_fc53 Mg?* 3,0300 | 2,7 30 0,10 [49]
55 | tsc_fc53 Mg?* 2,9200 | 2,7 50 0,10 [49]
56 |tsc_fc53 Cd?* 55900 | 2,7 15 0,10 [49]
57 |tsc_fc53 Cd?* 4,8300 | 2,7 30 0,10 [49]
58 |tsc_fc53 Cd?* 4,7400 | 2,7 50 0,10 [49]
59 | tsc_fc53 Pb2* 57400 | 2,7 | 15 0,10 [49]
60 |tsc_fc53 Pb?* 50100 | 2,7 30 0,10 [49]
61 |tsc_fc53 Pb? 4,9000 | 2,7 50 0,10 [49]
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STT | Ligand lon logfs | pH | T,°C | Luc ion Tai liéu
62 | tsc_fc57 Cu? 10,5700 | 2,4 38 0,10 [132]
63 | tsc_fc57 Ni2* 12,7100 | 2,4 28 0,10 [132]
64 | tsc_fc57 Ni2* 11,2100 | 2,4 38 0,10 [132]
65 | tsc_fc57 Co? 11,9500 | 2,4 28 0,10 [132]
66 | tsc_fc57 Co?* 9,8700 | 2,4 38 0,10 [132]
67 | tsc_fc57 Mn?* 12,1400 | 2,4 28 0,10 [132]
68 | tsc_fc57 Mn? 9,9900 | 2,4 38 0,10 [132]
69 |tsc_fc57 Zn* 11,3200 | 2,4 28 0,10 [132]

Bang p5.2b. Diz liéu tdp ddanh gid ngoai va két qua duw dodn tir cac md hinh cua

nhém 2 — phi:c ML

STT | Ligand | lon | logBuies | Tailiéu QSPRowr QSPRan
logPi1.cal ARE, % | logPiica | ARE, %
1 |tsc fe22 | cwrr | 61140 | [118] | 65280 | 67721 | 9,7353 | 59,2289
2 |tscfc23| cur | 56330 | [113] | 70116 | 244729 | 29897 | 46,9245
3 | tscfo4 | Agt | 157000 | [126] | 14,1818 | 96700 | 152536 | 2,8435
4 |tsc_fo48 | cu* | 19,1000 | [69] | 10,0826 | 47,2116 | 16,0061 | 16,1984
5 | tscfoe4 | cu* | 19,1000 | [20]068] | 12,7401 | 332981 | 16,4007 | 14,1325
6 | tsc_fcd9 | Cu* | 17,2000 | [20],(68] | 14,4635 | 159008 | 12,5361 | 27,1158
7 | tsc fe53 | Mnzt | 43200 | [201068] | 64178 | 485502 | 44445 | 2,8828
8 |tsc fc53 | Niz* | 51400 | [49] 74541 | 450205 | 43317 | 157250
9 |tsc fc53 | cur | 58100 | [49] 82349 | 41,7361 | 43133 | 257603
MARE, % | 3029 | MARE, % | 2342
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Bang p5.3a. D liéu tap luyén nhom 3 - phic ML

STT | Ligand lon logf11 pH T,°C | Lucion | Taili¢u
1 tsc_fcl10 Co?* 6,3820 | 4,0 25 0 [119]
2 tsc_fcls Cu®* 13,330 5,0 35 0,10 [136]
3 |tscfcl5|  Niz* 12,620| 5,5 35 0,10 [136]
4 tsc_fcls Co?* 11970 | 4,0 35 0,10 [136]
5 tsc_fcls Mn?* 10,550 | 4,0 35 0,10 [136]
6 |tsc fc22| Cu? 6,1140 | 6,0 25 0 [118]
7 tsc_fc28 Cu® 11,9500 | 5,0 25 0,10 [15]
8 |tsc fc28| Cu* |11,8400| 8,0 15 0,10 [42]
9 |tsc fc33| Cro* 4842 | 6,0 25 0 [139]

10 |tsc_fc28 Cu® 11,7000 | 8,0 25 0,10 [42]
11 |tsc fc28| Cu® |11,5300| 8,0 35 0,10 [42]
12 |tsc_fc50| Agt | 17,2000 5,0 20 0 [69]
13 |tsc_fc50| Cu?* | 15,3000 45 25 0 [20], [68]
14 |tsc_fcl5| Mn?* 53600 | 2,7 15 0,10 [50]
15 |tsc_fcl5 Mn?2* 52800 | 2,7 25 0,10 [50]
16 |tsc_fcl5 Mn?* 5,0600 | 2,7 35 0,10 [50]
17 | tsc_fcl5 Mn?* 4,1200 | 2,7 45 0,10 [50]
18 |tsc fc15| Pb?* 7,1000 | 2,7 15 0,10 [50]
19 |tsc_fcl5 Pb2* 6,8300 | 2,7 25 0,10 [50]
20 |tsc_fcl5| Pb* 6,7200 | 2,7 35 0,10 [50]
21 |tsc_fcl5|  Pb?* 6,5300 | 2,7 45 0,10 [50]
22 | tsc _fcl5 Cd?* 7,3400 | 2,7 15 0,10 [50]
23 |tsc_fcl5| Cd?* 70700 | 2,7 25 0,10 [50]
24 | tsc_fcl5 Cd?* 6,9900 | 2,7 35 0,10 [50]
25 |tsc _fcl5 Cd?* 6,7900 | 2,7 45 0,10 [50]
26 |tsc_fcl5| zn* 74700 | 2,7 15 0,10 [50]
27 | tsc_fcl5 Zn?* 7,4200 | 2,7 25 0,10 [50]
28 |tsc_fcl5| zn** 7,2800| 2,7 35 0,10 [50]
29 |tsc_fcl5 Zn? 7,1100 | 2,7 45 0,10 [50]
30 |tsc fcl5 Fe?* 8,1500 | 2,7 15 0,10 [50]
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STT | Ligand lon logf1 pH T,°C | Lwcion | Tailiéu
31 |tsc_fcl5 Fe?* 7,9900 | 2,7 25 0,10 [50]
32 |tsc_fcl5 Fe?* 7,8400 | 2,7 35 0,10 [50]
33 |tsc_fcl5 Fe?* 7,6900 | 2,7 45 0,10 [50]
34 |tsc_fcl5 Co?* 8,4700 | 2,7 15 0,10 [50]
35 |tsc fcls Co?* 8,0200 | 2,7 25 0,10 [50]
36 |tsc fcl5 Co?* 7,9400 | 2,7 35 0,10 [50]
37 |tsc_fcl5 Co?* 7,8600 | 2,7 45 0,10 [50]
38 |tsc_fcl5 Ni%* 8,6500 | 2,7 15 0,10 [50]
39 |tsc fcl5|  Niz 84800 | 27 25 0,10 [50]
40 |tsc_fcl5| N2 83700 | 27 35 0,10 [50]
41 | tsc_fcl5 Ni%* 8,1100 | 2,7 45 0,10 [50]
42 |tsc_fcl5| Cu? 9,8300 | 27 15 0,10 [50]
43 | tsc_fcl5 Cu® 9,4400 | 2,7 25 0,10 [50]
44 | tsc_fcl5 Cu® 9,3600 | 2,7 35 0,10 [50]
45 | tsc_fcl5 Cu?* 9,0300 | 2,7 45 0,10 [50]
46 | tsc_fc53 Mn?2* 5,0000 | 2,7 15 0,10 [49]
47 | tsc_fc53 Mn?2* 45100 | 27 30 0,10 [49]
48 | tsc_fc53 Mn?* 43200 | 2,7 50 0,10 [49]
49 |tsc_fc53|  Ni* 59400 | 2,7 15 0,10 [49]
50 |tsc fc53 Ni2* 53100 | 2,7 30 0,10 [49]
51 |tsc fc53 Ni2* 5,1400 | 2,7 50 0,10 [49]
52 |tsc_fcs53| Cu?t 6,8400 | 2,7 15 0,10 [49]
53 |tsc fc53 Cu® 59100 | 2,7 30 0,10 [49]
54 | tsc_fc53 Cu? 58100 | 2,7 50 0,10 [49]
55 |tsc_fcs6| Cu?t 87140 | 10 30 0,02 [128]
56 | tsc_fc56 Cu® 8,4190 10 30 0,05 [128]
57 |tsc_fcs56| Cu?t 8,1780 | 10 30 0,10 [128]
58 | tsc_fc56 Cu® 7,7960 10 30 0,20 [128]
59 |tsc fc56 Cu® 8,2890 10 40 0,10 [128]
60 |tsc fc56 | Cu?* 8,6340 | 10 45 0,10 [128]
61 |tsc _fc56 Cu® 8,7410 10 50 0,10 [128]

45




STT

Ligand

lon

logf1

pH

T, °C

Luc ion

Tail

o
>

u

62

tsc_fc56

Cu?*

9,060

10

30

0,00

[128]

Bang p5.3b. Diz liéu tdp ddnh gid ngoqi va két qud dw dodn tir c&c md hinh cua
nhém 3 — phizc ML

) Tai QSPRwmLR QSPRepLs QSPRpcr
TT | Hoand | on | logBuiew | pjey [ Biica |ARE, % | logPiicaARE, % | logBiscal|ARE, %

gpu , ghuL , ghus ,
1 |tsc_fc28 | Niz* | 109400 | [42] | 12402 | 13366 | 12,264 | 12,101 | 11,804 | 8,724
2 |tsc fc28 | M2t | 97020 | [42] | 11584 | 19,172 | 11,780 | 21,195 | 11,236 | 15594
3 |tsc fc28 | Niz* | 107900 | [42] | 12,402 | 14942 | 12,264 | 13,659 | 11,894 | 10,236
4 |tsc fc28 | co* | 99000 | [42] | 13374 | 35087 | 13823 | 39,628 | 13,322 | 34,561
5 |tscfc28 | Mn2* | 9600 | [42] | 11,584 | 20,662 | 11,780 | 22,710 | 11,236 | 17,039
6 |tscfcs6 | zn?* | 81600 | [128] | 8409 | 3055 | 8644 | 5929 | 8317 | 1921
7 |tsc fes6 | co* | 66110 | [128] | 6,048 | 8520 | 6,010 | 9,085 | 5595 | 15370
8 |tscfc56 | Mn2* | 62300 | [128] | 6450 | 3527 | 6622 | 6287 | 6339 | 1,746
9 |tscfc18 | curr | 54910 | [13] | 7754 | 41,216 | 6621 | 20574 | 6,688 | 21,806
10 |tsc fc19 | cur | 59240 | (3] | 7324 | 23627 | 5979 | 0924 | 6,136 | 3581
M'ﬁ/(FfE' 18,32 M,AO/EQE 1521 MAO/(FSE' 13,06
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Bang p5.4. Di lidu day dii nhém 4 - phic ML

STT| Ligand | lon | logBiiex 10011.ca Tai ligu
MLR PLSR ANN
Tap luyén va tdp danh gia chéo
1 tsc_fc2 | Ni?* 5,6300 5,2185 | 5,3562 | 5,6530 [76]
2 tsc_fc2 | Mn?* 4,3200 4,8311 | 4,6094 | 4,2932 [76]
3 tsc_fc4 | V°* 5,3220 4,6787 | 4,7515 | 5,3333 [119]
4 tsc_fc2 | Co? 5,3600 5,3545 | 5,3555 | 5,4215 [77]
5 tsc_fc2 | Zn?* 5,2300 9,6316 | 7,2876 | 5,3750 [77]
6 |tsc_fc25| Co® 5,0990 45918 | 4,8184 | 5,2861 [152]
7 |tsc_fcl8| La%* | 7,6000 | 7,1490 | 7,1654 | 7,1797 [48]
8 |tsc fcl8| Pr¥* | 7,7600 | 7,9100 | 7,9063 | 7,3727 [48]
9 |tsc_fc18 | Nd** 7,9500 7,4943 | 7,5062 | 7,7821 [48]
10 |tsc_fcl18 | Gd** 8,1600 7,6156 | 7,6295 | 7,8134 [48]
11 |tsc_fc18| Sm3* | 8,2600 | 7,4549 | 7,4757 | 7,6657 [48]
12 |tsc_fcl8 | Th®* | 8,3400 | 8,0108 | 8,0194 | 7,9903 [48]
13 |tsc_fc18 | Dy** 8,4900 8,0139 | 8,0263 | 8,0058 [48]
14 |tsc_fcl8 | Ho* | 8,6400 | 8,2395 | 8,2504 | 7,9700 [48]
15 |tsc fc18| La%* | 6,8200 | 7,1784 | 7,1654 | 7,1797 [48]
16 |tsc_fc18| Pr¥* | 7,0500 | 7,9282 | 7,9063 | 7,3727 [48]
17 |tsc_fc18 | Nd* | 7,3800 | 7,5096 | 7,5062 | 7,7821 [48]
18 |tsc_fcl18 | Gd** 7,5100 7,6326 | 7,6295 | 7,8134 [48]
19 |tsc fcl8| Sm®* | 7,6000 | 7,4724 | 7,4757 | 7,6657 [48]
20 |tsc_fc18 | Tb3* 7,8600 8,0236 | 8,0194 | 7,9903 [48]
21 |tsc_fc18 | Dy** 7,8800 8,0303 | 8,0263 | 8,0058 [48]
22 |tsc fc18 | Ho®* | 7,9500 | 8,2588 | 8,2504 | 7,9700 [48]
23 |tsc_fc18| La%* | 69100 | 7,1750 | 7,1654 | 7,1797 [48]
24 |tsc_fcl8 | Pr3* 7,1200 7,9264 | 7,9063 | 7,3727 [48]
25 |tsc_fc18 | Nd%* | 7,5400 | 7,5053 | 7,5062 | 7,7821 [48]
26 |tsc_fcl8 | Gd** 7,5700 7,6310 | 7,6295 | 7,8134 [48]
27 |tsc_fcl8 | Sm®* 7,6600 7,4708 | 7,4757 | 7,6657 [48]
28 |tsc_fc18 | Tb3* 7,8100 8,0249 | 8,0194 | 7,9903 [48]
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logpi1,cal

STT | Ligand | lon | logfiexp Tai ligu
MLR PLSR ANN
29 |tsc fc18 | Dy** | 7,9300 | 8,0289 | 8,0263 | 8,0058 [48]
30 |tsc_fcl8 | Ho** | 8,0200 | 8,2568 | 8,2504 | 7,9700 [48]
31 |tsc fc18 | La®* 7,0200 | 7,1709 | 7,1654 | 7,1797 [48]
32 |tsc_fcl8 | Pr3* 7,3300 | 7,9210 | 7,9063 | 7,3727 [48]
33 |tsc_fc18 | Nd** | 7,5900 | 7,5039 | 7,5062 | 7,7821 [48]
34 |tsc fc18 | Gd* | 7,6300 | 7,6295 | 7,6295 | 7,8134 [48]
35 |[tsc_fc18| Sm® | 7,7900 | 7,4674 | 7,4757 | 7,6657 [48]
36 |tsc fc18 | Th® | 8,0600 | 8,0183 | 8,0194 | 7,9903 [48]
37 |tsc fc18 | Dy** | 8,0800 | 8,0249 | 8,0263 | 8,0058 [48]
38 |tsc_fc18 | Ho%* | 8,1500 | 8,2532 | 8,2504 | 7,9700 [48]
39 |tsc fc18 | La®* 7,1400 | 7,1663 | 7,1654 | 7,1797 [48]
40 |tsc_fcl8 | Pr3* 7,4000 | 7,9192 | 7,9063 | 7,3727 [48]
41 |tsc_fc18 | Nd* | 7,7400 | 7,4999 | 7,5062 | 7,7821 [48]
42 |tsc fc18 | Gd* | 7,8400 | 7,6240 | 7,6295 | 7,8134 [48]
43 |tsc_fc18 | Sm®* | 7,9500 | 7,4631 | 7,4757 | 7,6657 [48]
44 |tsc fc18 | Th* | 8,0600 | 8,0183 | 8,0194 | 7,9903 [48]
45 |tsc fc18 | Dy*" | 8,2400 | 8,0206 | 8,0263 | 8,0058 [48]
46 |tsc_fcl8 | Ho** | 8,2600 | 8,2501 | 8,2504 | 7,9700 [48]
47 |tsc_fc47 | Ag" | 15,5000 | 13,4544 | 14,0326 | 15,6368 [69]
48 |tsc_fc30 | Ag" | 14,0000 | 13,1427 | 13,2576 | 14,3916 [69]
49 |tsc_fc47 | Cu?* | 17,7000 |19,0937 | 18,5162 | 20,0205 | [20],[68]
50 |tsc_fc30 | Cu?* | 20,4000 | 16,2493 | 17,6064 | 20,0558 | [20],[68]
51 |tsc_fc51 | Cu?* | 19,1000 | 22,1148 | 20,3323 | 19,3140 | [20],[68]
52 |tsc fc53 | Mg?* | 3,3000 | 4,4479 | 4,2553 | 3,1730 [49]
53 |tsc_fc53 | Mg?* | 3,0300 | 4,5024 | 4,2553 | 3,1730 [49]
54 |tsc fc53 | Mg?* | 2,9200 | 4,5246 | 4,2553 | 3,1730 [49]
55 |tsc fc53 | Cd?* | 5,5900 | 3,8303 | 4,0753 | 4,7850 [49]
56 |tsc fc53 | Cd** | 4,8300 | 3,9533 | 4,0753 | 4,7850 [49]
57 |tsc fc53 | Cd** | 4,7400 | 3,9678 | 4,0753 | 4,7850 [49]
58 |tsc_fc53 | Pb?* 5,7400 | 5,0668 | 5,1625 | 5,1594 [49]
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logpi1,cal

STT | Ligand | lon | logfiexp Tai ligu
MLR | PLSR | ANN

59 |[tsc_fc53 | Pb?* 5,0100 | 5,1877 | 5,1625 | 5,1594 [49]
60 |tsc_fc53 | Pb?* 4,9000 | 5,2059 | 5,1625 | 5,1594 [49]
61 |tsc fc57 | Ni?* | 12,7100 | 13,3938 | 13,2425 | 12,7367 [132]
62 |tsc_fc57 | Ni®* | 11,2100 | 13,8200 | 13,2425 | 12,7367 [132]
63 |tsc_fc57 | Co* | 9,8700 | 8,9084 | 9,1673 | 9,8382 [132]
64 |tsc_fc57 | Mn?* | 12,1400 | 11,4061 | 11,6473 | 12,0428 [132]
65 |tsc_fc57 | Mn?* | 19,9900 | 12,4587 | 11,6473 | 12,0428 [132]
66 |tsc fc57 | zn** | 11,3200 | 8,7469 | 9,2731 | 10,0803 [132]
67 |tsc fc57 | zn** | 8,7400 | 9,4101 | 9,2731 | 10,0803 [132]

Tdp danh gida ngogai mo6 hinh
1 | tsc_fc7 | Fe®* | 19,4800 | 25,1680 | 20,8450 | 20,3600 [95]
2 | tsc_fcd | Ag® | 15,7000 | 14,7260 | 14,6730 | 19,7850 [69]
3 |tsc_fc48 | Cu?" | 19,1000 | 17,0040 | 17,7360 | 20,3090 | [20],[68]
4 | tsc_fc4 | Cu®* | 19,1000 | 19,9390 | 20,0030 | 19,2480 | [20],[68]
5 |tsc fc49 | Cu?* | 17,2000 | 18,2830 | 17,870 |20,2720 | [20],[68]
6 |tsc_fcl5| Cd?** | 6,7900 | 8,3980 | 9,0600 | 9,4090 [50]
7 |tsc_fcl5| Zn?* | 7,4700 | 9,5050 | 9,9850 | 8,1240 [50]
8 |tsc fc42 | zn** | 7,1700 | 5,7200 | 5,5650 | 6,6830 [127]
9 |tsc_fc56 | Zn?* | 8,1600 | 6,8800 | 6,7230 | 9,8100 [128]
10 |tsc_fc56 | Cd?* | 7,8890 | 7,5170 | 7,7440 | 8,4880 [128]
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Bang 5.5a. D liéu tap luyén nhom 5 - phirc ML

STT | Ligand lon logPi1 pH T,°C | Lucion | Tai li¢u
1 | tsc_fcl0 Ni2* 6,4886 | 8,5 25 0 [63]
2 |tsc_fcl0 Co? 6,3820 | 4,0 25 0 [65]
3 |tsc_fcl2 Maob* 6,3365 | 4,0 25 0 [62]
4 | tsc_fcl2 Cu? 6,2355| 9,0 25 0 [64]
5 |tsc_fcl7 Cu? 6,1790 | 7,0 20 0 [53]
6 |tsc_fcl7 Cu? 6,4683 | 7,0 25 0 [53]
7 |tsc_fcl7 Cu? 7,4183 | 7,0 30 0 [53]
8 |tsc_fcl7 Cu? 7,7559 | 7,0 35 0 [53]
9 |tsc_fc28 Cu? 11,9500 | 5,0 25 0,10 [15]
10 | tsc_fc28 Ni2* 10,8900 | 5,0 25 0,10 [15]
11 | tsc_fc28 Cu? 11,8400 | 8,0 15 0,10 [42]
12 | tsc_fc28 Ni2* 11,0800 | 8,0 15 0,10 [42]
13 | tsc_fc28 Cu? 11,7000 | 8,0 25 0,10 [42]
14 | tsc_fc28 Ni2* 10,9400 | 8,0 25 0,10 [42]
15 | tsc_fc28 Cu? 11,5300 | 8,0 35 0,10 [42]

16 | tsc_fc28 Ni2* 10,7900 | 8,0 35 0,10 [42]
17 | tsc_fc4l Cu? 12,3000 | 8,0 15 0,10 [42]
18 | tsc_fc4l Ni2* | 11,2100| 8,0 15 0,10 [42]
19 | tsc_fc4l Co?* 10,5900 | 8,0 15 0,10 [42]
20 | tsc_fcal Mn2* | 10,0500 | 8,0 15 0,10 [42]
21 | tsc_fcal Cu? 12,1400 | 8,0 25 0,10 [42]
22 | tsc_fc4l Ni2* 11,0300 | 8,0 25 0,10 [42]
23 | tsc_fcal Co?* 10,4700 | 8,0 25 0,10 [42]
24 | tsc_fc4l Mn?2* 9,9100| 8,0 25 0,10 [42]
25 |tsc_fc4l Cu?* 11,9800 | 8,0 35 0,10 [42]
26 | tsc_fcal Ni2* 10,9100 | 8,0 35 0,10 [42]
27 | tsc_fc4l Co?* 10,3000 | 8,0 35 0,10 [42]
28 |tsc_fc4l Mn?2* 9,7700 | 8,0 35 0,10 [42]
29 |tsc_fc44 Cu?* | 145600| 7,4 25 0 [121]
30 |tsc_fcds Zn* 6,1300 | 7,4 25 0 [121]
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31 |[tsc fc50 | Agr 17,200 | 5,0 20 0 [69]
32 |tsc_fcls Cu® 9,8300 2,7 15 0,10 [50]
33 |[tsc_fcl5 Cu® 9,4400 2,7 25 0,10 [50]
34 |[tsc fcl5 | Cu* | 9,3600| 27 35 0,10 [50]
35 |[tsc_fcls Cu® 9,0300 2,7 45 0,10 [50]
36 |tsc_fc42 Mn?* 56700 | 10 20 0,10 [127]
37 | tsc_fc42 Mn?* 5,3600 10 30 0,10 [127]
38 | tsc_fc42 Mn?* 5,2000 10 40 0,10 [127]
39 |tsc_fc42 Mn?* 4,6600 | 10 50 0,10 [127]
40 |tsc_fc42 Co?* 9,0000 10 20 0,10 [127]
41 | tsc_fc42 Co?* 8,4300 10 30 0,10 [127]
42 | tsc_fc42 Co?* 8,1300 | 10 40 0,10 [127]
43 | tsc_fc42 Co?* 7,8900 10 50 0,10 [127]
44 | tsc_fc42 Ni%* 9,6000 10 20 0,10 [127]
45 | tsc_fc42 Ni2* 9,1300 | 10 30 010 | [127]
46 | tsc_fca2 Ni2* 9,0700 | 10 40 010 | [127]
47 | tsc_fc42 Ni%* 8,3700 10 50 0,10 [127]
48 |tsc_fc42 | cu** | 9,7800| 10 20 010 | [127]
49 |tsc_fc42 | Ccu®* | 9,3400| 10 30 010 | [127]
50 |[tsc_fc42 | Cu¥* | 9,2900| 10 40 010 | [127]
51 |tsc_fc42 | Cu** | 86800| 10 50 010 | [127]
52 | tsc_fc56 Cu® 8,7140 10 30 0,02 [128]
53 |tsc_fc56 Cu?* 8,4190 10 30 0,05 [128]
54 |tsc_fc56 | Cu** | 8,1780| 10 30 010 | [128]
55 | tsc_fc56 Cu® 7,7960 10 30 0,20 [128]
56 | tsc_fc56 Cu® 8,2890 10 40 0,10 [128]
57 |tsc_fc56 | Cu** | 8,6340| 10 45 010 | [128]
58 |tsc_fc56 Cu® 8,7410 10 50 0,10 [128]
59 |tsc_fc56 | Cu®* | 9,0600| 10 30 000 | [128]
60 |tsc_fc56 Ni2* 8,2210 | 10 30 002 | [128]
61 | tsc_fc56 Ni?* 8,1240 10 30 0,05 [128]
62 | tsc_fc56 Ni2* 7,900 | 10 30 0,10 | [128]
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63 |tsc fc56 | Ni2* 7,7090 | 10 30 020 | [128]
64 |tsc fc56 | Ni2* 7,9980 | 10 40 0,10 | [128]
65 |tsc fc56 | Ni2* 8,0910 | 10 45 0,10 | [128]
66 |tsc fc56 | Ni2* 8,1630 | 10 50 0,10 | [128]
67 |tsc fc56 | Co* | 80140| 10 30 0,02 | [128]
68 |tsc fc56 | Co* | 7,6680| 10 30 0,05 | [128]
69 |tsc fc56 | Co* | 7,5910| 10 30 0,10 | [128]
70 |tsc_fc56 | Co* | 7,2510| 10 30 020 | [128]
71 |tsc_fc56 | Co* | 7,8060 | 10 40 0,10 | [128]
72 |tsc_fc56 | Co* | 7,9140| 10 45 0,10 | [128]
73 |tsc_fc56 | Co* | 7,9630| 10 50 0,10 | [128]
74 | tsc_fc56 | Co? 8340 | 10 30 0,00 | [128]

Bang p5.5b. Di liéu tdp danh gid ngoai va két qud dw dodn tir cac m hinh cua
nhom 5 — phi:c ML

QSPRmLR QSPRpcr QSPRanN

STT | Ligand | ion | logBiiex | Tailiéu ARE ARE ARE

logPi1 ca % " | logPisca % " | logPical % ’
1 tsc_fc28 | Co?" | 10,2200 [42] 11,7540 | 15,01 | 11,7290 | 14,76 | 11,5130 | 12,65
2 | tsc_fc28 | Mn?* | 9,8700 [69] 9,4480 427 | 9,46200 | 4,13 | 10,8630 | 10,06
3 | tsc_fc47 | Ag" | 15,5000 | [20],[68] | 17,2310 | 11,17 | 17,3550 | 11,97 | 15,7430 | 1,57
4 | tsc_fca7 | Cu?* | 17,7000 [50] 16,9820 | 4,06 | 17,1080 | 3,34 | 16,5560 | 6,46
5 |tsc_fcl5 | Pb®* | 6,5300 [50] 7,1630 | 9,70 | 7,1590 | 9,63 | 6,0780 | 6,93
6 |tsc_fcl5 | Fe** | 7,6900 [50] 7,8640 | 2,26 | 7,7900 | 1,30 | 7,0200 | 8,71
7 | tsc_fcl5 | Co?* | 8,0200 [50] 8,5510 6,62 8,4870 5,82 8,2280 2,60
8 |tsc_fcl5 | Ni?* | 8,6500 [127] 9,0450 4,56 8,9930 3,97 9,1090 5,31
9 |tsc fcd2 | Pb2* | 65700 | [127] | 7,2340 | 10,10 | 7,1750 | 9,20 | 64420 | 1,95
10 | tsc_fc42 | zZn?* | 7,1700 [42] 8,4670 | 18,09 | 8,4080 | 17,26 | 7,0450 1,74

MARE,% | 8,58 | MARE,% | 8,14 | MARE,% | 5,80
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Bang p5.6a. D liéu tap luyén nhom 6 - phuc ML

STT | Ligand lon logp1 pH | T,°C | Lwcion | Taili¢u
1 |tsc_fcd Cu?* 52800 | 7,0 25 0 [29]
2 |tsc_fc4 Cu?* 5,1400 | 7,0 25 0 [29]
3 tsc_fc4 Cu®* 4,8900 | 7,0 45 0 [29]
4 | tsc_fc4 Cu?* 5,0000 | 7,0 45 0 [29]
5 tsc_fcl7 Cu®* 7,4183 | 7,0 30 0 [53]
6 |tsc fcl7 | Cu? 77559 | 70 | 35 0 [53]
7 |tsc_fc4l | Mn?* 10,0500 | 8,0 15 0,10 [42]
8 |tsc fc4l | Mn? 9,9100| 80 | 25 0,10 [42]
9 |tsc_ fc4l | Mn?* 9,7700 | 8,0 35 0,10 [42]
10 |tsc_fc44 | Cu?* 14,5600 | 7,4 25 0 [121]
11 |tsc fcds | zn? 6,300 7.4 | 25 0 [121]
12 | tsc_fc48 Cu?* 19,1000 | 4,5 25 0 [20],[68]
13 | tsc_fc50 Cu?* 15,3000 | 4,5 25 0 [20],[68]
14 |tsc_fcl5 | Pb?* 7,1000 | 2,7 15 0,10 [50]
15 | tsc_fcl5 Pb2* 6,8300 | 2,7 25 0,10 [50]
16 |tsc_fc15 | Pb?* 67200 2,7 | 35 0,10 [50]
17 |tsc_fcl5 | Pb?* 6,5300 | 2,7 45 0,10 [50]
18 |tsc fc15 | zn? 74700 | 2,7 15 0,10 [50]
19 |tsc_fc15 Zn?* 7,4200 | 2,7 25 0,10 [50]

20 |tsc fcl5 | zn? 72800 2,7 | 35 0,10 [50]
21 |tsc_fcl5 | Zn?* 7,1100 | 2,7 45 0,10 [50]
22 |tsc_fc53 | Mn?* 5,0000 | 2,7 15 0,10 [49]
23 | tsc_fc53 Cu?* 6,8400 | 2,7 15 0,10 [49]
24 |tsc fc53 | Cu? 59100 | 2,7 | 30 0,10 [49]
25 |tsc fc53 | Cu?* 58100 2,7 | 50 0,10 [49]
26 |tsc_fc42 | Mg?* 3,4000 | 10 20 0,10 [127]
27 |tsc_fc42 | Mg 3,3400 | 10 30 0,10 [127]
28 |tsc_fc42 | Mg?* 3,3100 | 10 40 0,10 [127]
29 | tsc_fc42 Mn?* 56700 | 10 20 0,10 [127]
30 |tsc_fc42 Mn?* 53600 | 10 30 0,10 [127]
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STT | Ligand lon logfi1 pH | T,°C | Lwcion | Taili¢u
31 |tsc_fc42 Mn?* 52000 | 10 40 0,10 [127]
32 |tsc_fc42 Cd? 6,5600 | 10 20 0,10 [127]
33 |tsc_fcd42 | Cd?* 6,4700 | 10 30 0,10 [127]
34 | tsc_fc42 Cd? 6,1200 | 10 40 0,10 [127]
35 |tsc_fc42 Cd?* 59300 | 10 50 0,10 [127]
36 |tsc_fc42 | Pb? 7,6400 | 10 20 0,10 [127]
37 |tsc_fc42 Pb?* 7,2300 | 10 30 0,10 [127]
38 |tsc fc56 | Cu® 82890 | 10 40 0,10 [128]
39 |tsc_fc56 Cu® 8,6340 | 10 45 0,10 [128]
40 | tsc_fc56 Cu® 8,7410 | 10 50 0,10 [128]
41 | tsc_fc56 Ni?* 7,9980 | 10 40 0,10 [128]
42 | tsc_fc56 Ni%* 8,0910 | 10 45 0,10 [128]
43 |tsc_fc56 | Ni%* 8,1630 | 10 50 0,10 [128]
44 | tsc_fc56 | Pb? 78520 | 10 40 0,10 [128]
45 | tsc_fc56 | Pb?* 7,9920 | 10 45 0,10 [128]
46 | tsc_fc56 Pb2* 8,0650 | 10 50 0,10 [128]
47 | tsc_fc56 | Co? 7.8060 | 10 40 0,10 [128]
48 |tsc_fc56 | Co®* 7,9140| 10 45 0,10 [128]
49 | tsc_fc56 Co?* 7,9630 | 10 50 0,10 [128]
50 |[tsc_fch6 | Zn?* 7,6450 | 10 40 0,10 [128]
51 |tsc_fc56 Zn? 7,6540 | 10 45 0,10 [128]
52 | tsc_fc56 Zn? 7,9190 | 10 50 0,10 [128]
53 |tsc_fc56 | Cd?* 7,5990 | 10 45 0,10 [128]
54 | tsc_fc56 Cd? 7,8890 | 10 50 0,10 [128]
55 |tsc_fc56 Mn?* 6,0410 | 10 30 0,02 [128]
56 | tsc_fc56 | Mn?* 58490 | 10 40 0,10 [128]
57 |tsc_fc56 Mn?* 59420 | 10 45 0,10 [128]
58 | tsc_fc56 | Mn?* 59480 | 10 50 0,10 [128]
59 | tsc_fc56 | Mn?* 6,2300 | 10 30 0,00 [128]
60 | tsc_fc57 Cu® 11,6100 | 2,4 28 0,10 [132]
61 | tsc_fc58 Cd?* 10,6300 | 24 28 0,10 [131]
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STT | Ligand lon logf1 pH | T,°C | Lwcion | Taili¢u
62 |tsc_fc58 Cd?* 10,9500 | 2,4 38 0,10 [131]
63 | tsc_fc59 Fe3* 5,4960 | 34 25 1,0 [149]
64 |tsc_fcl8 | Cu?* 54910 | 9,0 25 0 [13]

Bang p5.6b. Dir liu tdp danh gia ngoai va két qua dur dodn tir cac md hinh cia
nhom 6 — phic ML

Ai SPRMLR SPRANN

TT | Ligand | lon | loghiex llell |ogﬂ1?,ca| ARE, % Iogﬁcfl,cau ARE, %
1 |tsc_fc28 | Ni2+ | 11,0800 | [42] | 96290 | 13,100 | 14,0620 | 26,918
2 |tsc_fc33 | Cré* | 4,8420 | [139] | 56110 15,882 3,4650 | 28,429
3 |tsc_fc44 | zn** | 66800 | [121] | 81370 | 21,808 | 6,8520 | 2,581
4 |tsc_fcd5 | Cu®* | 14,6700 | [121] | 11,5480 | 21,284 | 16,9490 | 15,537
5 |tsc_fc30 | Ag® | 14,0000 | [69] | 14,3840 | 2,741 | 18,6100 | 32,931
6 |tsc_fcl5 | Mn?* | 53600 | [50] | 7.4600 | 39,181 | 59190 |10,434
7 |tsc_fcl5 | cu?* | 9,0300 | [50] | 8,6790 3,887 6,4920 | 28,103
8 |tsc_fc53 | Ni2* | 51400 | [49] | 41450 | 19,351 | 5,1880 | 0,945
9 |tsc fc57 | Co?* | 98700 | [132] | 8,2260 | 16,654 | 9,0490 | 8,317
10 |tsc_fc58 | Fe** | 11,1000 | [131] | 11,9630 | 7,772 | 10,9630 | 1,228
MARE, % | 16,17 | MARE, % | 15,54
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Bang p5.7. Di lidu day di nhém 7 - phizc ML

STT | Ligand | lon |logBiiexs 10011.ca Tai ligu
MLR | PCR | ANN
Tap luyén va tdp danh gida chéo
1 [tsc_fc15 | co?* | 11,9700] 12,5980 | 12,7840 | 11,9260 [136]
2 |tsc_fcl5 | Mn?* | 10,5500| 11,0420 | 11,3710 | 10,5550 | [136]
3 |tscfc22 | cu** | 6,140 6,6480| 6,6080| 6,0770| [118]
4 |tsc fc23| cur | 56330 60750| 6,0610| 57780 [113]
5 |tsc fc28 | Cu?* | 11,9500 | 10,35300 | 10,3880 | 11,6620 | [15]
6 |tsc_fc28 | Co?* | 10,2200| 11,4630 11,3200 | 10,2060 | [15]
7 |tsc_fc28 | Niz* | 10,8900| 10,9140 | 11,0580 | 10,8730 | [15]
8 |tsc fc33| Cro* | 48420 51250| 52020| 48710 [139]
9 |tscfc28 | Mn? | 98700 9,3240| 94390| 9,7160| [42]
10 |tsc fc28 | Mn2* | 97200| 93240 94390| 9,7160| [42]
11 |tsc fc28 | Mn2* | 9,6000| 9,3240| 94390| 9,7160| [42]
12 |tsc_fcad | zn* | 6,6800| 6,7610| 6,6710| 6,7010| [121]
13 |tsc fcl5 | Mn2 | 4,1200| 54320 54920| 3.4360| [50]
14 |tsc_fcl5 | Fer* | 81500| 74540 7.6190| 7,9520| [50]
15 |tsc_fcl5 | Fer* | 7.9900| 74540 7.6190| 7,9520| [50]
16 |tsc fcl5 | Fe* | 7,8400| 74540 7.6190| 7,9520| [50]
17 |tsc_fcl5 | Fer* | 7.6900| 74540 7.6190| 7.9520| [50]
18 |tsc fcl5 | Niz* | 86500| 82200 82280| 84020| [50]
19 |tsc fcl5 | Niz* | 84800| 82200 82280| 84020| [50]
20 |tsc_fcl5 | Niz* | 83700| 82290 82280| 84020| [50]
21 [tsc_fcl5 | Niz* | 81100 8229 82280| 84020| [50]
22 |tsc_fc53 | Niz* | 59400| 54920 54330| 55580| [49]
23 |tsc_fc53 | Niz* | 53100| 54920 54330| 55580| [49]
24 [tsc_fc53 | Niz* | 51400| 54920 54330| 55580| [49]
25 |tsc_fcd2 | Mg? | 32500| 3,9160| 3.8580| 4,0810| [127]
26 |tsc_fc42 | Mn2* | 4,6600| 3,7090| 37590 | 4,6650| [127]
27 |tsc_fca2 | Pb> | 6,6800| 7,0610| 7,2350| 6,6440| [127]
28 |tsc_fc42 | Pb® | 65700| 7,0610| 7,2350| 6,6440| [127]
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STT | Ligand | lon |logBises 10011, Tai ligu
MLR PCR ANN
29 | tsc_fc56 Ni%* 8,2210 7,9640 7,9130 | 8,0980 | [128]
30 | tsc_fc56 Ni%* 8,1240 7,9640 7,9130 | 8,0980 | [128]
31 |tsc_fc56 Ni%* 7,9100 7,9640 7,9130 | 8,0980 | [128]
32 | tsc_fc56 Ni%* 7,7090 7,9640 7,9130 | 8,0980 | [128]
33 |tsc fc56 | Pb?* | 7,8610| 17,3570 7,1760| 7,5360| [128]
34 | tsc_fc56 Pb?* 7,6530 7,3570 7,1760 7,5360 | [128]
35 |tsc fc56 | Pb?* | 7,3070| 7,3570| 7,1760| 7,5360 | [128]
36 |tsc_fc56 | Co?* 7,6680 7,3880 7,2030 7,4630 | [128]
37 |tsc_fc56 | Co?* 7,5910 7,3880 7,2030 7,4630 | [128]
38 |tsc_fc56 | Co?* 7,2510 7,3880 7,2030 | 7,4630 | [128]
39 |tsc_fc56 | Zn?* 7,8200 7,2690 7,2410 7,2720 | [128]
40 |tsc fc56 | zn? | 7,5340| 7,2690| 7,2410| 7,2720| [128]
41 |tsc_fch6 | Zn?* 7,4230 7,2690 7,2410 7,2720 | [128]
42 |tsc fos6 | zn2t | 7,0390 | 72600 | 7,2410| 7.2720| [128]
43 |tsc_fch6 | Cd** 7,0150 6,9240 6,9270 6,7740 | [128]
44 | tsc_fc56 | Cd?* 6,8630 6,9240 6,9270 6,7740 | [128]
45 |tsc fos6 | Cd?* | 6,6110| 6,9240| 6,9270| 6,7740| [128]
46 |tsc_fc56 | Mn?* 5,8200 5,8600 59710 | 5,5290 | [128]
47 |tsc_fcs6 | Mnz | 56210 58600| 59710| 55290| [128]
48 |tsc_fc56 | Mn?* 5,4390 5,8600 59710 | 5,5290 | [128]
49 | tsc_fch8 Cr3* 10,1500 | 11,0070 | 10,9520 | 10,6960 | [131]
50 |tsc_fc58 Cr3* 11,2500 | 11,0070 | 10,9520 | 10,6960 | [131]
Tap danh gid ngogi
1 tsc_fc34 | Cu? 7,0800 7,1140 17,0279 6,5600 [46]
2 tsc_fc18 | Ho®* 8,6400 8,9132 8,6831 9,1980 [48]
3 tsc_fc18 | Dyt 8,2400 8,6043 8,3225 | 8,7650 [48]
4 tsc_fc28 | Cu?* 11,7000 | 10,3534 | 10,3882 | 11,6620 [42]
5 tsc_fc28 | Co?* 10,0200 | 11,4634 | 11,3203 | 10,2060 [42]
6 tsc_fc4l | Cu? 12,3000 | 12,2869 | 12,4456 | 11,9030 [42]
7 |tsc fcas | zn? | 61300| 7,0025| 7,1365| 6,6230| [121]
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. |Ogﬂ11,cal Ce e
STT | Ligand | lon [logfi1,exp Tai ligéu
MLR PCR ANN
8 |tsc_fc53 | Mn?* 50000 | 4,7429| 4,8538| 5,2800 | [49]
9 |[tsc_fc57 | Ni? 12,7100 | 12,1015 | 12,2011 | 11,5230 | [132]
10 |tsc_fc59 | Fed* 54960 | 6,2633| 6,3243| 6,2510 | [149]
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Bang p5.8a. D liéu tap luyén nhom 8 - phuc ML

STT | Ligand lon logp pH T,°C | Lucion Tai ligu
1 tsc_fc4 Cu?* 5,2800 7,0 25 0 [29]
2 tsc_fc4 Cu?* 5,1400 7,0 25 0 [29]
3 tsc_fc4 Cu®* 4,9200 7,0 25 0 [29]
4 tsc_fc4 Cu?* 4,9700 7,0 25 0 [29]
5 tsc_fc4 Cu®* 4,9000 7,0 35 0 [29]
6 | tscfc4 | Cu* | 48400 | 70 | 35 0 [29]
7 tsc_fc4 Cu?* 4,7500 7,0 35 0 [29]
8 | tscfc4 | Cu* | 48300 | 70 | 35 0 [29]
9 | tsc fc4 | Cu* | 48900 | 70 | 45 0 [29]
10 | tsc fc4 | Cu® | 47600 | 7,0 | 45 0 [29]
11 | tsc fc4 | Cu?* | 48000 | 7,0 | 45 0 [29]
12 | tsc fc4 | Cu® | 50000 | 7,0 | 45 0 [29]
13 tsc_fc7 Cu® 17,5400 7,4 25 0,10 [95]
14 | tsc fc7 | Fe¥* | 19,4080 | 7.4 25 0,10 [95]
15 tsc_fc8 Cd?* 5,5404 9,0 25 0 [81]
16 | tsc_fc32 | Mo®* 6,5514 4,0 25 0 [82]
17 | tsc_fc34 Fed* 7,0060 5,0 25 0,15 [46]
18 | tsc_fc43 | Cd** | 58600 | 6,0 25 0 [78]
19 | tsc fc45 | Cu?* | 14,6700 | 7.4 25 0 [121]

20 | tsc_fc46 Cu®* 15,6500 7,4 25 0 [121]
21 tsc_fc46 Zn?* 7,3000 7,4 25 0 [121]
22 | tsc_fc48 | Ag* | 14,5000 | 5,0 20 0 [69]
23 | tsc_fc4 | Ag* | 157000 | 5,0 20 0 [69]
24 | tsc_fc49 | Cu¥* | 17,2000 | 4,5 25 0 [20],[68]
25 | tsc_fcls | Cd?* | 7,3400 | 2,7 15 0,10 [50]
26 | tsc_fclb Cd? 7,0700 2,7 25 0,10 [50]
27 | tsc_fcl5 | Cd** | 6,9900 | 2,7 | 35 0,10 [50]
28 | tsc_fclb Cd? 6,7900 2,7 45 0,10 [50]
29 | tsc_fclb Zn?* 7,4700 2,7 15 0,10 [50]
30 | tsc fc15 | zn* | 74200 | 2,7 | 25 0,10 [50]
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31 | tsc_fc15 | Zn?* 7,2800 2,7 35 0,10 [50]
32 tsc_fclb Zn%* 7,1100 2,7 45 0,10 [50]
33 tsc_fc53 Mn?* 5,0000 2,7 15 0,10 [49]
34 | tsc_fc53 | Mn?* 4,5100 2,7 30 0,10 [49]
35 tsc_fc53 Mn?* 4,3200 2,7 50 0,10 [49]
36 | tsc_fcb55 | Cu?* 5,7482 4,5 25 0 [115]
37 tsc_fc57 Cu®* 11,6100 2,4 28 0,10 [132]
38 tsc_fc57 Cu® 10,5700 2,4 38 0,10 [132]
39 | tsc fc58 | La®* | 10,8400 | 2,4 | 28 0,10 [133]
40 tsc_fc58 La3* 9,4500 2,4 38 0,10 [133]
41 tsc_fc58 Pr3+ 11,0400 2,4 28 0,10 [133]
42 | tsc_fc58 | Pr3* | 10,4200 | 2,4 | 38 0,10 [133]
43 tsc_fc58 Nb3* 9,0900 2,4 28 0,10 [133]
44 | tsc_fc58 | Nb%* | 8,4100 | 2.4 | 38 0,10 [133]
45 | tsc_fc58 Cd?* 10,6300 2,4 28 0,10 [131]
46 | tsc_fcs58 | Cd** | 10,9500 | 2,4 | 38 0,10 [131]
47 tsc_fc58 ARt 11,2400 2,4 28 0,10 [131]
48 | tsc_fcs58 | AR+ | 10,9800 | 2,4 | 38 0,10 [131]
49 | tsc_fc18 | Cu?* 5,4910 9,0 25 0 [13]
50 tsc_fcl9 Cu®* 5,9240 9,0 25 0 [13]

Bang p5.8b. Dir liéu tap danh gid ngoai cua moé hinh nhém 8 — phirc ML

STT Ligand lon l0gpf11,exp Tai liéu
1 tsc_fc4 \V& 5,3222 [119]
2 |tsc_fcls Co?* 11,9700 [136]
3 |tsc_fc2 Co* 5,3600 [77]
4 | tsc_fc25 Co* 5,0990 [152]
5 | tsc_fc28 Co* 9,9000 [42]
6 tsc_fc28 Mn?* 9,6000 [42]
7 tsc_fcal Cu?* 11,9800 [42]
8 |tsc_fc48 Cu2* 19,1000 [20],[68]
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STT Ligand lon l0gf11.exp Tai li¢u
9 tsc_fc56 Zn? 7,6540 [128]
10 | tsc_fc56 Cd?* 6,6110 [128]

Bang p5.8c. Két qua dir dodn tir cac md hinh ciza nhém 8 — phizc ML

T QSPRoLs QSPReLs QSPRecr QSPRAanN
logfica | ARE, % logfiica | ARE, % | logfiica | ARE, % | logfiica | ARE, %0

1 4,3220 18,79 4,7180 11,35 3,8070 28,47 5,2960 0,49
2 13,5370 13,09 13,2170 10,42 13,3090 11,19 12,1100 1,17
3 3,8080 28,95 4,2260 21,16 3,9990 25,39 4,8310 9,87
4 4,5590 10,58 5,0260 1,43 4,6990 7,85 5,4890 7,67
5 8,8360 10,74 8,6420 12,71 9,3010 6,05 10,8010 9,10
6 9,7790 1,86 9,3740 2,36 10,2110 6,37 8,0030 16,64
7 10,6280 11,28 10,4380 12,88 11,0390 7,85 11,8970 0,69
8 14,5910 23,61 14,7420 22,81 15,4820 18,94 15,9580 16,45
9 6,1360 19,84 6,9110 9,71 6,3970 16,42 7,6960 0,55
10 5,0660 23,36 5,6430 14,64 5,2090 21,21 5,2420 20,71
MARE,% 16,21 MARE,% 11,95 MARE,% 14,98 MARE,% 8,33
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Bang p5.9a. D liéu tap luyén nhom 9 - phuic ML

STT | Ligand lon logPi1 pH T,°C | Lwcion | Tailiéu
1 tsc_fc23 Cu® 563300 | 4,5 25 0 [113]
2 tsc_fc28 Co?* 10,2200 | 5,0 25 0,10 [15]
3 |tsc fc28 | Co* | 10,1800 | 8,0 15 0,10 [42]
4 tsc_fc33 Cré* 4,8420 | 6,0 25 0 [139]
5 tsc_fc28 Mn?* 9,8700 | 8,0 15 0,10 [42]
6 tsc_fc28 Co?* 10,0200 | 8,0 25 0,10 [42]
7 |tsc fc28 | Mn? 9,7200 | 8,0 25 0,10 [42]
8 tsc_fc28 Co?* 9,9000 | 8,0 35 0,10 [42]
9 |tsc fc28 | Mn2 9,6000 | 8,0 35 0,10 [42]

10 |tsc fcdd | zm?* 6,6800 | 7.4 25 0 [121]
11 | tsc_fclb Mn?* 52800 | 2,7 25 0,10 [50]
12 | tsc_fcl5 Mn?* 50600 | 2,7 35 0,10 [50]
13 | tsc_fcl5 Mn?* 4,1200 | 2,7 45 0,10 [50]
14 |tsc fc15 | Pb? 7,1000 | 2,7 15 0,10 [50]
15 |tsc fc15 | Pb? 6,8300 | 2,7 25 0,10 [50]
16 |tsc_fclb Pb2* 6,7200 | 2,7 35 0,10 [50]
17 | tsc_fclb Pb2* 6,5300 | 2,7 45 0,10 [50]
18 |tsc_fcl5 | Fe?* 8,1500 | 2,7 15 0,10 [50]
19 | tsc_fclbs Fe?* 7,9900 | 2,7 25 0,10 [50]
20 |[tsc_fcl5 Fe2* 7,8400 | 2,7 35 0,10 [50]
21 |tsc_fcl5 Fe2* 7,6900 | 2,7 45 0,10 [50]
22 |tsc_fcl5 Co?* 8,4700 | 2,7 15 0,10 [50]
23 |tsc_fcl5 | Co?* 8,0200 | 27 25 0,10 [50]
24 | tsc_fcl5 Co?* 7,9400 | 2,7 35 0,10 [50]
25 |tsc_fcl5 Co?* 7,8600 | 2,7 45 0,10 [50]
26 |tsc_fcl5 |  Ni?* 8,6500 | 2,7 15 0,10 [50]
27 |tsc fcl5 |  Ni?* 8,4800 | 2,7 25 0,10 [50]
28 |tsc_fcl5 Ni%* 8,3700 | 2,7 35 0,10 [50]
29 |tsc_fcl5 Ni?* 8,1100 | 2,7 45 0,10 [50]
30 |[tsc_fch3 Ni%* 53100 | 2,7 30 0,10 [49]
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STT | Ligand lon logP11 pH T,°C | Lwcion | Taili¢u
31 |tsc_fc53 NiZ* 51400 | 2,7 50 0,10 [49]
32 | tsc_fc53 Cu®* 6,8400 | 2,7 15 0,10 [49]
33 | tsc_fc53 Cu® 59100 | 2,7 30 0,10 [49]
34 | tsc_fc53 Cu®* 58100 | 2,7 50 0,10 [49]
35 |tsc_fc42 Mg# 3,3100 | 10 40 0,10 [127]
36 |tsc_fc42 Mg# 3,2500 | 10 50 0,10 [127]
37 | tsc_fc42 Cd?* 6,5600 | 10 20 0,10 [127]
38 | tsc_fc42 Cd* 6,4700 | 10 30 0,10 [127]
39 |tsc_fc42 Cd?* 6,1200 | 10 40 0,10 [127]
40 |tsc_fc42 Cd?* 59300 | 10 50 0,10 [127]
41 | tsc_fc42 Pb?* 6,5700 | 10 50 0,10 [127]
42 | tsc_fc42 Zn?* 7,1700 | 10 50 0,10 [127]
43 | tsc_fc56 Pb?* 8,1090 | 10 30 0,02 [128]
44 | tsc_fc56 Pb?* 7,8610 | 10 30 0,05 [128]
45 | tsc_fc56 Pb2* 7,6530 | 10 30 0,10 [128]
46 | tsc_fc56 Pb?* 7,3070 | 10 30 0,20 [128]
47 | tsc_fc56 Pb?* 7,8520 | 10 40 0,10 [128]
48 | tsc_fc56 Pb2* 7,9920 | 10 45 0,10 [128]
49 | tsc_fc56 Pb?* 8,0650 | 10 50 0,10 [128]
50 |tsc_fc56 Zn?* 7,8200 | 10 30 0,02 [128]
51 |tsc_fc56 Zn?* 7,5340 | 10 30 0,05 [128]
52 | tsc_fc56 Zn** 7,4230 | 10 30 0,10 [128]
53 | tsc_fc56 Zn** 7,0390 | 10 30 0,20 [128]
54 | tsc_fc56 Zn?* 7,6450 | 10 40 0,10 [128]
55 | tsc_fc56 Zn?* 7,6540 | 10 45 0,10 [128]
56 | tsc_fc56 Zn** 79190 | 10 50 0,10 [128]
57 | tsc_fc56 Zn?* 8,1600 | 10 30 0,00 [128]
58 | tsc_fc56 Cd* 7,4090 | 10 30 0,02 [128]
59 | tsc_fc56 Cd* 7,0150 | 10 30 0,05 [128]
60 |tsc_fc56 Cd?* 6,8630 | 10 30 0,10 [128]
61 |tsc_fc56 Cd* 6,6110 | 10 30 0,20 [128]
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STT | Ligand lon logP11 pH T,°C | Lwcion | Taili¢u
62 | tsc_fc56 Cd? 7,1840 | 10 40 0,10 [128]
63 | tsc_fc56 Cd? 7,5990 | 10 45 0,10 [128]
64 | tsc_fc56 Cd* 7,8890 | 10 50 0,10 [128]
65 | tsc_fc56 Mn? 6,0410 | 10 30 0,02 [128]
66 | tsc_fc56 Mn? 58200 | 10 30 0,05 [128]
67 | tsc_fc56 Mn? 56210 | 10 30 0,10 [128]
68 | tsc_fc56 Mn? 54390 | 10 30 0,20 [128]
69 | tsc_fc56 Mn? 58490 | 10 40 0,10 [128]
70 | tsc_fc56 Mn?* 59420 | 10 45 0,10 [128]
71 |tsc_fch6 | Mn?* 59480 | 10 50 0,10 [128]
72 | tsc_fc56 Mn? 6,2300 | 10 30 0,00 [128]
73 | tsc_fc58 Cr3* 10,1500 | 2,4 28 0,10 [131]
74 | tsc_fc58 Cr3* 11,2500 | 2,4 38 0,10 [131]
75 | tsc_fc58 Fe3* 11,6300 | 2,4 28 0,10 [131]
76 | tsc_fc58 Fe3* 11,1000 | 2,4 38 0,10 [131]

Bang p5.9b. Diz liéu tdp danh gid ngoai va két qud duw bao tir cac md hinh cua

nhom 9 — phic ML

STT | Ligand | fon | logBiie 1001100 Tai ligu
MLR ANN
1 |tscfc2 | Mn* 43200 | 36510 | 35120 [76]
2 |tscfe4 | cu 49200 | 4,9030 | 4,9240 [29]
3 |tscfc7 | Fe | 12,2400| 14,3970 | 11,1070 | [95]
4 |tsc_fc2s | Co* 50990 | 38320 | 3,7180 | [152]
5 |tsc fc28 | Niz* | 10,7900| 11,6840 | 9,9770 [42]
6 |tsc foal | Co* | 105900| 84220 | 9,8910 [42]
7 |tsc_feal | Nzt | 11,0300| 12,1870 | 10,8210 | [42]
8 |tsc fca3 | co 58600 | 58330 | 6,4500 [78]
9 |tsc_fc15| cd* 7,3400 | 86810 | 84800 [50]
10 |tsc_fc15 | zn?* 74700 | 7,9030 | 80370 [50]
11 |tsc_fcl5 | cu?* 90,0300 | 80260 | 80830 [50]
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logpi1,cal

STT | Ligand lon l0gf11,exp VLR ANN Tai ligu
12 |tsc_fc53 | Mg* 3,3000 | 13,9170 3,6280 [49]
13 |tsc_fc53 | Mn?? 4,3200 | 14,2920 4,0010 [49]
14 |tsc_fc53 | Cd?* 55900 | 16,3550 6,0430 [49]
15 |tsc_fc42 | Mn? 4,6600 | 4,6650 45170 [127]
16 |tsc_fc56 | Co? 7,5910 | 17,2180 7,6510 [128]
17 |tsc_fc58 | AP 11,2400 | 12,0150 11,4820 [131]

MAPE, % 10,45 7,34
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Phu luc 6. Dir liéu thec nghiém phic ML

Bang p6.1a. Dz liéu tdp luyén nhom 1 - phirc ML

STT | Ligand | Kimloai | logPi> pH | T,°C | Luwcion | Taili¢u
1 [tsc fear | cuzr | 234400| 80 | 15 0,10 [42]
2 |tsc fcal | cuz | 231800| 80 | 25 0,10 [42]
3 |tsc fe4l | cuz | 22,8200| 80 | 35 0,10 [42]
4 |tsc fedl | Nizt 21,4000 | 80 | 15 0,10 [42]
5 |tsc fe4l | Nzt | 21,1200| 80 | 25 0,10 [42]
6 |tsc fc4l | Nzt | 20,8200| 80 | 35 0,10 [42]
7 |tsc fc4l | Co* | 202100| 80 | 15 0,10 [42]
8 |tsc fc4l | Co?* | 19,9600| 80 | 25 0,10 [42]
9 |tsc fc4l | Co?* | 19,6500| 80 | 35 0,10 [42]
10 |tsc fc4l | Mn?* | 194500 | 80 | 15 0,10 [42]
11 |tsc_fc4l |  Mnz* | 192000| 80 | 25 0,10 [42]
12 |tsc_fc4l |  Mn2* | 18,9000 | 80 | 35 0,10 [42]
13 |tsc fc52 | Hgzt | 10,3020 | 40 | 25 0 [20]
14 |tsc fc52 | Hg?* | 10,4750 | 40 | 25 0,20 [20]
15 | tsc_fc52 Hg?* 10,4190 | 4,0 25 0,13 [20]
16 |tsc fc52 | Hgzt | 103710| 40 | 25 0,07 [20]
17 |tsc fc52 | Hg?* | 10,4100| 40 | 30 0 [20]
18 |tsc fc52 | Hg?t | 105620 | 40 | 30 0,20 [20]
19 |tsc fc52 | Hg?* | 10,5140| 40 | 30 0,13 [20]
20 |tsc_fc52 | Hg?* | 104710] 40 | 30 0,07 [20]
21 |tsc fc52 | Hg | 105230 | 40 | 35 0 [20]
22 |tsc_fc52 | Hg?* | 10,6490| 40 | 35 0,20 [20]
23 [tsc fc52 | Hg | 106100| 40 | 35 0,13 [20]
24 | tsc_fc52 Hg?* 10,5750 | 4,0 35 0,07 [20]
25 |tsc fcs2 | HgZ | 106320 40 | 40 0 [20]
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26 |tsc fc52 | Hg® 10,7400 | 4,0 | 40 0,20 [20]
27 |tsc fc52 | Hg® 10,7050 | 4,0 | 40 0,13 [20]
28 |tsc fc52 | Hg® 10,6750 | 4,0 | 40 0,07 [20]
29 | tsc_fc52 Ni2* 6,7229| 9,6 | 25 0 [20]
30 |tsc fc52 Ni2* 6,7576| 96 | 25 0,20 [20]
31 | tsc_fc52 Ni2* 6,7446 | 9,6 | 25 0,13 [20]
32 | tsc_fc52 Ni2* 67359 | 9,6 | 25 0,07 [20]
33 |tsc_fc52 Ni2* 6,7620| 96 | 30 0 [20]
34 | tsc_fc52 Ni2* 6,7967 | 9,6 | 30 0,20 [20]
35 |tsc_fc52 Ni2* 6,7793| 96 | 30 0,13 [20]
36 | tsc_fc52 Ni2* 67750 96 | 30 0,07 [20]
37 | tsc_fc52 Ni2* 68228 | 9,6 | 35 0 [20]
38 |tsc_fc52 Ni2* 6,8575| 96 | 35 0,20 [20]
39 |tsc_fc52 Ni2* 6,8445| 9,6 | 35 0,13 [20]
40 | tsc_fc52 Ni2* 6,8401| 9,6 | 35 0,07 [20]
41 | tsc_fc52 Ni2* 68879 | 96 | 40 0 [20]
42 | tsc_fc52 Ni2* 6,9270 | 9,6 | 40 0,20 [20]
43 | tsc_fc52 Ni2* 6,0096 | 9.6 | 40 0,13 [20]
44 | tsc_fc52 Ni2* 6,0009| 96 | 40 0,07 [20]
45 |tsc fcs56 | Cu? 16,5830 | 10 30 0,02 [128]
46 |tsc fcs56 | Cu? 16,2850 | 10 30 0,05 [128]
47 |tsc_fc56 | Cu?* 15,6200 | 10 30 0,10 [128]
48 |tsc fcs6 | Cu? 14,8530 | 10 30 0,20 [128]
49 |tsc fcs56 | Cu® 159720 | 10 | 40 0,10 [128]
50 |tsc fcs56 |  Cu? 16,4230 | 10 | 45 0,10 [128]
51 |tsc fcs56 |  Cu? 16,6390 | 10 50 0,10 [128]
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Bang p6.1b. Dir ligu tap danh gid ngoai va gia tri du dodn tir cac mé hinh cua

nhom 1 — phic ML>

; logp12,cal Ai
STT Ligand }l(lm |Ogﬂ12,exp gﬂ - ;I':eu

oa MLR7 | MLR8 | MLR9| ANN 1cu
1 |tsc_fc28| Cu?* | 22,3200| 21,8610 | 18,7710 | 21,5720 | 22,1120 | [42]
2 |tsc_fc28 | Cu®* | 22,0200 | 21,8610 | 18,7710 | 21,5720 | 22,1120 | [42]
3 |tsc fc28| Ni?* 20,9300 | 20,4440 | 16,8570 | 19,5120 | 21,0220 | [42]
4 |tsc_fc28| Ni?* 20,6300 | 20,4440 | 16,8570 | 19,5120 | 21,0220 | [42]
5 |tsc fc28| Co? 19,9500 | 20,3010 | 16,9940 | 18,3430 | 19,5780 | [42]
6 |tsc fc28 | Co? 19,6600 | 20,3010 | 16,9940 | 18,3430 | 19,5780 | [42]
7 |tsc_fc28 | Mn?* | 19,1800 | 18,9770 | 14,7760 | 27,6370 | 19,3150 | [42]
8 |tsc_fc52| cCu? 8,0518 | 16,5320 | 7,0050 | 6,9710 | 8,9730 | [20]
9 |tsc fc52 | Ag' 9,1984 | 18,6280 | 8,4760 | 85470 | 7,0820 | [20]
10 |tsc_fcs56 | zn2* 15,0560 | 16,7920 | 16,1250 | 12,7170 | 14,6680 | [128]
11 |tsc_fcs56 | Cd?* 13,8370 | 18,2190 | 17,3680 | 17,4360 | 17,7710 | [128]
12 |tsc_fcs8 | Cd?* 18,3200 | 24,6030 | 13,1470 | 16,8200 | 22,6470 | [131]

MARE, % | 955 16,79 | 1221 | 7.98
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Bang p6.2a. D lieu tap luyén nhom 2 - phic ML

STT | Ligand | Kim loai | logpi. pH T,°C | Lucion | taili¢u
1 tsc_fcl Cu?* 12,0730 4,0 30 0 [109]
2 tsc_fcl7 Cu?* 6,1732 7,0 20 0 [53]
3 |[tsc_fcl7 Cu?* 6,6345| 7,0 25 0 [53]
4 tsc_fcl7 Cu?* 6,9469 7,0 30 0 [53]
5 |tsc_fcl7 Cu?* 72878 | 7,0 35 0 [53]
6 |tsc_fcl Ni2* | 10,7440 | 5,0 25 0 [110]
7 |tsc_fc29| Co* | 10,1104 | 93 25 0 [19]
8 |tsc fc29| Co* | 10,0365| 9,3 30 0 [19]
9 |tsc fc29| Co* 9,9584 | 93 35 0 [19]
10 |tsc fc29| Co? 9,8715| 9,3 40 0 [19]
11 | tsc_fc29 Ni?* 10,5056 9,3 25 0 [19]
12 |tsc fc29 | Ni* | 10,3753 | 9,3 30 0 [19]
13 |tsc fc29 | Ni** | 10,2624 | 93 35 0 [19]
14 |tsc fc29| Ni** | 10,1408 | 9,3 40 0 [19]
15 |tsc fc29 | Cu?* | 11,9952 | 93 25 0 [19]
16 | tsc_fc29 Cu?* 11,8823 9,3 30 0 [19]
17 |tsc fc29| cu? | 11,7781| 9,3 35 0 [19]
18 |tsc fc29 | Cu?* | 11,6434| 93 40 0 [19]
19 |tsc fc29| Ag* 9,9410 | 9,3 25 0 [19]

20 |tsc_fc29| Ag 9,8802 | 93 30 0 [19]
21 |tsc_fc29 Ag* 9, 8151 9,3 35 0 [19]
22 |tsc fc29| Ag 97369 | 9,3 40 0 [19]
23 |tsc_fc29| Cd* | 11,1310| 9,3 25 0 [19]
24 | tsc_fc29 Cd?* 11,0398 9,3 30 0 [19]
25 | tsc_fc29 Cd?* 10,9225 9,3 35 0 [19]
26 |tsc_fc29| Cd* | 10,8183| 9,3 40 0 [19]
27 |tsc fc29| Hg?* | 11,6825| 9,3 25 0 [19]
28 |tsc_fc29 | Hg?* | 11,5522| 9,3 30 0 [19]
29 |[tsc_fc29 Hg?* 11,4176 9,3 35 0 [19]
30 |tsc_fc29 | Hg?* | 11,2569 | 9,3 40 0 [19]
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STT | Ligand | Kim loai | logpi. pH T,°C | Lucion | tailiéu
31 |tsc_fc52 Cu? 8,3211 4,0 25 0 [20]
32 | tsc_fc52 Cu? 8,3558 4,0 25 0,20 [20]
33 | tsc_fc52 Cu? 8,3428 4,0 25 0,13 [20]
34 | tsc_fc52 Cu? 8,3341 4,0 25 0,07 [20]
35 | tsc_fc52 Cu 8,2342 4,0 30 0 [20]
36 | tsc_fc52 Cu? 8,2646 4,0 30 0,20 [20]
37 | tsc_fc52 Cu? 8,2559 4,0 30 0,13 [20]
38 | tsc_fc52 Cu? 8,1995 4,0 30 0,07 [20]
39 |tsc_fc52 Cu? 8,1474 4,0 35 0 [20]
40 | tsc_fch2 Cu? 8,1734 4,0 35 0,20 [20]
41 | tsc_fc52 Cu? 8,1647 4,0 35 0,13 [20]
42 | tsc_fch2 Cu? 8,0692 4,0 35 0,07 [20]
43 | tsc_fc52 Cu? 8,0518 4,0 40 0 [20]
44 | tsc_fc52 Cu? 8,1995 4,0 40 0,20 [20]
45 | tsc_fch2 Cu? 8,1387 4,0 40 0,13 [20]
46 | tsc_fc52 Cu? 8,0692 4,0 40 0,07 [20]
47 | tsc_fch2 Ag* 9,1984 4,0 25 0 [20]
48 | tsc_fch2 Ag* 9,6457 4,0 25 0,20 [20]
49 | tsc_fc52 Ag* 9,4893 4,0 25 0,13 [20]
50 |tsc_fc52 Ag* 9,3547 4,0 25 0,07 [20]
51 |tsc_fc52 Ag* 9,3460 4,0 30 0 [20]
52 | tsc_fc52 Ag* 9,8585 4,0 30 0,20 [20]
53 |tsc_fc52 Ag* 9,6761 4,0 30 0,13 [20]
54 | tsc_fc52 Ag* 9,4763 4,0 30 0,07 [20]
55 |tsc_fc52 Ag* 9,5197 4,0 35 0 [20]
56 |tsc_fc52 Ag* 10,1191 4,0 35 0,20 [20]
57 | tsc_fc52 Ag* 9,8932 4,0 35 0,13 [20]
58 | tsc_fc52 Ag* 9,7282 4,0 35 0,07 [20]
59 |tsc_fc52 Ag* 9,6717 4,0 40 0 [20]
60 | tsc_fc52 Ag* 10,1929 4,0 40 0,20 [20]
61 | tsc_fc52 Ag* 10,0105 4,0 40 0,13 [20]
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STT | Ligand | Kim loai | logpi. pH T,°C | Lucion | taili¢u
62 | tsc_fc52 Ag* 9,8541 4,0 40 0,07 [20]
63 | tsc_fc52 Ni%* 6,7229 9,6 25 0 [20]
64 | tsc_fc52 Niz 6,7576 9,6 25 0,20 [20]
65 |tsc_fc52 Ni%* 6,7446 9,6 25 0,13 [20]
66 | tsc_fc52 Niz 6,7359 9,6 25 0,07 [20]
67 | tsc_fc52 Niz 6,7620 9,6 30 0 [20]
68 | tsc_fc52 NiZ* 6,7967 9,6 30 0,20 [20]
69 |tsc_fc52 Niz 6,7793 9,6 30 0,13 [20]
70 | tsc_fc52 Ni2* 6,7750 9,6 30 0,07 [20]
71 | tsc_fc52 Ni2* 6,8228 9,6 35 0 [20]
72 | tsc_fc52 Niz 6,8575 9,6 35 0,20 [20]
73 | tsc_fc52 Ni2* 6,8445 9,6 35 0,13 [20]
74 | tsc_fc52 Niz 6,8401 9,6 35 0,07 [20]
75 | tsc_fc52 Niz 6,8879 9,6 40 0 [20]
76 | tsc_fc52 Ni2* 6,9270 9,6 40 0,20 [20]
77 | tsc_fc52 Niz 6,9096 9,6 40 0,13 [20]
78 | tsc_fc52 Ni2* 6,9009 9,6 40 0,07 [20]
79 | tsc_fc60 Cu# 10,3630 6,5 25 0 [98]

Bang p6.2b. Dir liéu tap danh gid ngoai va cac gia tri du doan tir cac mé hinh cua

nhom 2 — phic ML2

STT | Ligand | Kim loai | logfizex 10gf12ca Tai liéu
MLR5 | MLR7 | ANN
1 |tsc_fe13| cu 79164 | 80164 | 6472771743 | [116]
2 |tsc_fe13| cu 79165 | 80164 | 6472771743 | [115]
3 |tsc_fc25| Cd?* 55100 | 52902 | 5,6022 | 6,1737 | [152]
4 |tsc_fe26| cur 8,6946 | 8,1079 | 10,8749 | 95643 | [21]
5 |tsc fc26| Ag' 10,3362 | 8,8045 | 10,7698 | 9,5946 | [21]
6 |tsc fc26| Ag' 10,1625 | 8,8045 | 10,7698 | 9,5946 | [21]
7 ltsc_fe26| Hgr | 10,1625| 7,785110,6331 | 9,4932 | [21]
8 |tsc fc26| Hg» | 10,2493 | 7,785110,6331|9,4932 | [21]
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logpi2,cal

STT | Ligand | Kim loai | 10gf12.exp Tai ligu
MLR5 | MLR7 | ANN

9 |tsc fc42 | Mg 6,5200 | 6,2821 | 6,2132 | 6,1732| [127]

10 |tsc fcd2 | Mg? 6,2100 | 6,2821| 6,2132 | 6,1732 | [127]
MAPE, % | 9,3690 | 8,6526 | 7,3434

72



Phu luc 7. Thiét ké cac dan xuit thiosemicarbazone méi

Bang p7. 44 ddn xudt thiosemicarbazone thiét ké méi

TT | Ky hiéu | Khung 10H-phenothiazine | Ky hi¢u Khung 9H-carbazole
N g
il eocUS WL N sSa gy
Br s /N\H)I\NHZ /N\N)kNHZ
C'\/\ O/\/0 NK
2 | pPTSC2 /@N © s cTse2 Q O :
Br S /N\H)J\ /N\N)J\NHZ
l H,C—Q y
. aSagy
3 PTSC3 /QN:G\/ s CTSC3 . /N\N)LNH7
N < /N\H)LNHQ \ H )
l A
K\/ ~
4 PTSC4 N . CTSC4 Q O /N\)J\
- o
5 | PTscs f[ CTSC5 S50 o
s /O N NH.
QS:G\/“\NJLNHZ °
6 | PTSC6 { CTSC6 | Q O N )L
QS:C\/N\NJLNHZ
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TT | Ky hiéu | Khung 10H-phenothiazine | Ky hi¢u Khung 9H-carbazole
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TT | Ky hiéu | Khung 10H-phenothiazine | Ky hi¢u Khung 9H-carbazole
/
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TT | Ky hiéu | Khung 10H-phenothiazine | Ky hi¢u Khung 9H-carbazole
\ : /
IO
19 | PTSC19 \L{ CTSC19 | o, /N\N)J\NHQ
o . \ H
soeoul
P
20 | PTSC20 (( o CTSC20 \O O /“\N)sz
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o

—

H
N
Q O S
N )j\
o = \N NH,
OH
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Phu luc 8. Thiét ké phwrc chat méi va két qua dw bao

Bang p8.1. Thiét ké cac phirc chat méi va két qua dur bao phirc ML

STT | Phitc chat | Phircloaibé | QSPRmir | QSPRann | M0 hinh
1 | Ag-PTSC1 7,0589 7,2135 Nhom 4
2 | Ag-PTSC2 14,0811 13,9658 | Nhom 4
3 | Ag-PTSC3 7,4741 7,4863 Nhém 9
4 | Ag-PTSC4 9,9575 9,1703 Nhém 9
5 | Ag-PTSC5 7,5545 9,2544 Nhém 9
6 | Ag-PTSC6 5,2506 6,2845 Nhém 9
7 | Ag-PTSC7 Loai bo - - -

8 | Ag-PTSC8 Loai bo - - -
9 | Ag-PTSC9 15,3173 15,654 Nhém 9
10 | Ag-PTSC10 Loai bo - - -
11 | Ag-PTSC11 11,4288 11,6874 | Nhém9
12 | Ag-PTSC12 16,5911 17,2351 | Nhém9
13 | Ag-PTSC13 Loai bo - - -
14 | Ag-PTSC14 9,8744 9,2879 Nhém 9
15 | Ag-PTSC15 10,6217 9,2910 Nhém 9
16 | Ag-PTSC16 13,5612 13,6351 | Nhom9
17 | Ag-PTSC17 Loai bo - - -
18 | Ag-PTSC18 Loai bo - - -
19 | Ag-PTSC19 Loai bo - - -
20 | Ag-PTSC20 16,3901 15,6348 | Nhom9
21 | Ag-PTSC21 Loai bo - - -
22 | Ag-PTSC22 15,7814 15,9541 | Nhém9
23 | Cd-PTSC1 29,4325 19,3283 | Nhém1
24 | Cd-PTSC2 16,7026 15,9487 | Nhém9
25 | Cd-PTSC3 8,2752 8,3651 Nhém 4
26 | Cd-PTSC4 9,2218 9,5426 Nhém 4
27 | Cd-PTSC5 11,0740 10,9687 | Nhom 4
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28 | Cd-PTSC6 4,7483 5,2822 Nhém 9
29 | Cd-PTSC7 17,2315 16,8749 | Nhom9
30 | Cd-PTSC8 21,5989 20,3251 | Nhém9
31 | Cd-PTSC9 9,3364 9,2880 Nhém 9
32 | Cd-PTSC10 - - -

33 | Cd-PTSC11 - - -

34 | Cd-PTSC12 16,0435 15,9845 | Nhom9
35 | Cd-PTSC13 Loai bo - - -

36 | Cd-PTSC14 8,9198 9,2876 Nhém 9
37 | Cd-PTSC15 7,3354 8,2868 Nhém 9
38 | Cd-PTSC16 8,7000 9,2852 Nhém 9
39 | Cd-PTSC17 - - -

40 | Cd-PTSC18 12,7099 12,8651 | Nhom9
41 | Cd-PTSC19 16,6687 16,5411 | Nhém9
42 | Cd-PTSC20 Loai bo - - -

43 | Cd-PTSC21 Loai bo - - -

44 | Cd-PTSC22 5,3029 5,6235 Nhém 4
45 | Cu-PTSC1 12,1495 12,3251 | Nhém 4
46 | Cu-PTSC2 16,5768 16,3241 | Nhém 4
47 | Cu-PTSC3 10,1601 9,2732 Nhém 9
48 | Cu-PTSC4 7,9016 8,7918 Nhém 9
49 | Cu-PTSC5 7,0690 8,1585 Nhém 9
50 | Cu-PTSC6 5,1880 6,2709 Nhém 9
51 | Cu-PTSC7 17,5918 16,2354 | Nhém9
52 | Cu-PTSC8 20,0293 19,8425 | Nhom9
53 | Cu-PTSC9 7,5292 9,2874 Nhém 9
54 | Cu-PTSC10 - - -

55 | Cu-PTSC11 10,9610 9,3018 Nhém 9
56 | Cu-PTSC12 13,8729 14,2365 | Nhém9
57 | Cu-PTSC13 - - -

58 | Cu-PTSC14 8,6660 9,2874 Nhém 9
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59 | Cu-PTSC15 8,8434 9,2886 Nhém 9
60 | Cu-PTSC16 12,6486 12,8742 | Nhém9
61 | Cu-PTSC17 - - -

62 | Cu-PTSC18 12,6149 12,5684 | Nhoém 9
63 | Cu-PTSC19 14,7950 15,2341 | Nhém9
64 | Cu-PTSC20 12,3591 12,5461 | Nhém9
65 | Cu-PTSC21 - - -

66 | Cu-PTSC22 17,0160 16,9856 | Nhom 4
67 | Ni-PTSC1 28,9072 19,3169 | Nhém1
68 | Ni-PTSC2 4,7494 5,3057 Nhém 9
69 | Ni-PTSC3 10,4742 9,2753 Nhém 9
70 | Ni-PTSC4 8,5959 8,9287 Nhém 9
71 | Ni-PTSC5 4,8349 5,2310 Nhém 9
72 | Ni-PTSC6 4,2584 5,2813 Nhém 9
73 | Ni-PTSC7 6,2091 7,2876 Nhém 9
74 | Ni-PTSC8 14,4395 14,5684 | Nhom9
75 | Ni-PTSC9 6,9317 7,2871 Nhém 9
76 | Ni-PTSC10 Loai bo - - -

77 | Ni-PTSC11 12,2422 12,3546 | Nhom9
78 | Ni-PTSC12 16,6671 16,8746 | Nhém9
79 | Ni-PTSC13 - - -

80 | Ni-PTSC14 8,6097 9,2875 Nhém 9
81 | Ni-PTSC15 10,1772 9,2907 Nhém 9
82 | Ni-PTSC16 9,8782 9,2888 Nhém 9
83 | Ni-PTSC17 Loai bo - - -

84 | Ni-PTSC18 14,2526 14,3562 | Nhém9
85 | Ni-PTSC19 15,4466 15,6584 | Nhém9
86 | Ni-PTSC20 Loai bo - - -

87 | Ni-PTSC21 6,9177 9,2874 Nhém 9
88 | Ni-PTSC22 14,5066 14,6853 | Nhom9
89 | ZzZn-PTSC1 9,9988 8,4929 Nhém 9
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90 | Zn-PTSC2 15,8034 15,9635 | Nhom9
91 | Zn-PTSC3 12,1147 12,3521 | Nhém 4
92 | Zn-PTSC4 7,6084 8,7115 Nhém 9
93 | Zn-PTSC5 3,9029 4,0960 Nhém 9
94 | Zn-PTSC6 3,1254 3,5624 Nhém 9
95 | Zn-PTSC7 16,6604 16,6857 | Nhom9
96 | Zn-PTSCS8 20,6791 20,5346 | Nhom9
97 | Zn-PTSC9 11,9494 12,0213 | Nhém9
98 | Zn-PTSC10 Loai bo - - -

99 | Zn-PTSC11 10,7333 10,8965 | Nhom9

100 | Zn-PTSC12 Loai bo - - -
101 | Zn-PTSC13 Loai bo - - -
102 | Zn-PTSC14 8,9877 9,2874 Nhém 9
103 | Zn-PTSC15 8,7257 9,2883 Nhém 9
104 | Zn-PTSC16 8,5015 9,2764 Nhém 9
105 | Zn-PTSC17 Loai bo - - -
106 | Zn-PTSC18 Loai bo - - -
107 | Zn-PTSC19 Loai bo - - -
108 | Zn-PTSC20 13,4315 13,6754 | Nhém9
109 | Zn-PTSC21 Loai bo - - -
110 | Zn-PTSC22 13,5603 13,6235 | Nhém 4
111 | Ag-CTSC1 10,7383 10,8652 | Nhoém 4
112 | Ag-CTSC2 10,0203 10,1254 | Nhém 4
113 | Ag-CTSC3 14,8685 15,0231 | Nhém9
114 | Ag-CTSC4 17,1164 17,3251 | Nhém9
115 | Ag-CTSC5 18,2223 18,5423 | Nhém9
116 | Ag-CTSC6 15,1104 15,4231 | Nhém9
117 | Ag-CTSC7 15,9488 16,125 Nhém 9
118 | Ag-CTSCS8 16,8278 17,2351 | Nhém9
119 | Ag-CTSC9 11,2916 11,3254 | Nhém 4
120 | Ag-CTSC10 13,5526 13,7865 | Nhom 4
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121 | Ag-CTSC11 12,9966 13,0124 | Nhém9
122 | Ag-CTSC12 14,6347 14,7568 | Nhom9
123 | Ag-CTSC13 16,6718 17,0214 | Nhém9
124 | Ag-CTSC14 8,5437 9,5123 Nhém 9
125 | Ag-CTSC15 11,9471 12,5412 | Nhém9
126 | Ag-CTSC16 14,1945 14,6325 | Nhom 4
127 | Ag-CTSC17 5,6291 6,3541 Nhém 9
128 | Ag-CTSC18 17,1816 18,2145 | Nhém9
129 | Ag-CTSC19 16,4927 17,3012 | Nhém9
130 | Ag-CTSC20 11,0090 11,2541 | Nhém9
131 | Ag-CTSC21 14,2204 15,3261 | Nhém9
132 | Ag-CTSC22 15,7792 16,2145 | Nhém9
133 | Cd-CTSC1 10,9887 11,2031 | Nhém9
134 | Cd-CTSC2 3,6485 5,3241 Nhom 4
135 | Cd-CTSC3 5,7713 6,2351 Nhém 4
136 | Cd-CTSC4 7,9671 8,2015 Nhém 4
137 | Cd-CTSC5 8,9171 6,2315 Nhém 4
138 | Cd-CTSC6 4,8454 5,3621 Nhém 4
139 | Cd-CTSC7 7,0564 7,5684 Nhém 4
140 | Cd-CTSC8 7,6515 8,2014 Nhém 4
141 | Cd-CTSC9 10,4652 10,3828 | Nhém9
142 | Cd-CTSC10 10,6412 10,5856 | Nhom9
143 | Cd-CTSC11 45778 5,1234 Nhém 4
144 | Cd-CTSC12 8,8992 9,2351 Nhém 4
145 | Cd-CTSC13 15,2715 16,2315 | Nhém4
146 | Cd-CTSC14 7,7389 9,30414 | Nhém9
147 | Cd-CTSC15 10,9209 9,36117 | Nhém9
148 | Cd-CTSC16 Loai bo - - -

149 | Cd-CTSC17 9,7482 10,1234 | Nhém 4
150 | Cd-CTSC18 11,4592 12,0123 | Nhém 4
151 | Cd-CTSC19 10,6597 11,6987 | Nhém 4
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152 | Cd-CTSC20 10,6091 10,7895 | Nhém 4
153 | Cd-CTSsC21 7,2853 8,2354 Nhém 4
154 | Cd-CTSC22 9,5398 9,6541 Nhom 4
155 | Cu-CTSC1 7,0367 8,8385 Nhém 1
156 | Cu-CTSC2 19,1729 18,3651 | Nhom9
157 | Cu-CTSC3 13,5620 14,0254 | Nhém 9
158 | Cu-CTSC4 15,7388 16,2135 | Nhém9
159 | Cu-CTSC5 16,9167 17,2351 | Nhém9
160 | Cu-CTSC6 13,5499 14,2145 | Nhém 9
161 | Cu-CTSC7 14,8363 15,0254 | Nhém9
162 | Cu-CTSC8 15,4058 15,6542 | Nhom9
163 | Cu-CTSC9 16,9710 17,0254 | Nhém 4
164 | Cu-CTSC10 10,9106 6,4026 Nhém 9
165 | Cu-CTSC11 11,4190 9,9241 Nhém 9
166 | Cu-CTSC12 13,0423 13,2541 | Nhém9
167 | Cu-CTSC13 15,1064 15,3695 | Nhom9
168 | Cu-CTSC14 4,6200 5,2612 Nhém 9
169 | Cu-CTSC15 8,3245 9,3022 Nhém 9
170 | Cu-CTSC16 21,2049 20,1547 | Nhém9
171 | Cu-CTSC17 - - -

172 | Cu-CTSC18 15,8127 16,2358 | Nhom9
173 | Cu-CTSC19 Loai bo - - -

174 | Cu-CTSC20 7,4245 7,6584 Nhém 9
175 | Cu-CTSC21 12,1390 12,3654 | Nhém9
176 | Cu-CTSC22 14,2564 15,2365 | Nhém9
177 | Ni-CTSC1 8,7520 9,0254 Nhém 4
178 | Ni-CTSC2 14,6930 15,2365 | Nhoém 4
179 | Ni-CTSC3 15,4943 15,6985 | Nhém 4
180 | Ni-CTSC4 16,2135 16,3584 | Nhém 4
181 | Ni-CTSC5 17,5882 18,0214 | Nhém 4
182 | Ni-CTSC6 16,0579 16,2514 | Nhém 4
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183 | Ni-CTSC7 15,0132 14,9857 | Nhom 4
184 | Ni-CTSC8 15,5087 15,2315 | Nhém 4
185 | Ni-CTSC9 7,3959 7,9658 Nhém 4
186 | Ni-CTSC10 9,4067 9,5426 Nhom 4
187 | Ni-CTSC11 12,5603 12,6984 | Nhém9
188 | Ni-CTSC12 14,1722 14,3256 | Nhoém 9
189 | Ni-CTSC13 16,3343 16,3256 | Nhom9
190 | Ni-CTSC14 12,5840 12,5624 | Nhém9
191 | Ni-CTSC15 8,7107 9,3080 Nhém 9
192 | Ni-CTSC16 12,3348 12,6532 | Nhém 4
193 | Ni-CTSC17 17,1157 17,2365 | Nhom 4
194 | Ni-CTSC18 16,6289 17,0235 | Nhém 4
195 | Ni-CTSC19 15,8514 16,2031 | Nhém9
196 | Ni-CTSC20 12,0210 12,3251 | Nhém9
197 | Ni-CTSC21 12,4688 12,6985 | Nhém9
198 | Ni-CTSC22 15,4304 15,6958 | Nhom9
199 | Zn-CTSC1 7,1104 8,7494 Nhém 1
200 | Zn-CTSC2 4,8006 5,6984 Nhém 4
201 | Zn-CTSC3 12,5038 12,6987 | Nhém 4
202 | Zn-CTSC4 14,8369 15,0215 | Nhém 4
203 | Zn-CTSC5 10,1205 10,3265 | Nhém 4
204 | Zn-CTSC6 14,9288 15,3625 | Nhém 4
205 | Zn-CTSC7 13,8722 14,0215 | Nhém 4
206 | Zn-CTSC8 14,6278 15,3251 | Nhém 4
207 | Zn-CTSC9 7,1954 8,2015 Nhém 4
208 | Zn-CTSC10 8,9699 9,5184 Nhém 4
209 | Zn-CTSC11 7,1219 6,9857 Nhém 4
210 | Zn-CTSC12 17,5116 15,6284 | Nhom 4
211 | Zn-CTSC13 13,3942 14,2651 | Nhém9
212 | Zn-CTSC14 7,3950 9,3123 Nhém 9
213 | Zn-CTSC15 9,7639 9,3655 Nhém 9
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214 | Zn-CTSC16 20,3400 19,2541 | Nhém9
215 | Zn-CTSC17 19,6732 18,9586 | Nhom9
216 | Zn-CTSC18 14,4126 15,2145 | Nhém 9
217 | Zn-CTSC19 13,6672 14,2154 | Nhém 4
218 | Zn-CTSC20 9,4431 8,6861 Nhém 9
219 | Zn-CTSC21 10,2918 10,3651 | Nhom 4
220 | Zn-CTSC22 13,1102 12,9586 | Nhom 4

Bang p8.2. Thiét ké cac phirc chat mai va két qua dur bao phirc ML

STT| Phircchiat | Phirc loai bé | QSPRmir | QSPRann | M0 hinh
1 | Ag-(PTSCL) 89428 | 11,9376 | Nhom 2
2 Ag-(PTSC2). 15,2683 16,0730 Nhom 2
3 Ag-(PTSC3)2 Loai bo - - ]

4 | Ag-(PTSCA4), 56516 | 6,5139 Nhém 2
) Ag-(PTSC5). Loai bo - - )
6 Ag-(PTSC6). Loai bo - - _
7 | Ag-(PTSCT7) 18,8505 | 19,0730 | Nhom 2
8 Ag-(PTSC8). Loai bo - - Nhom 2
9 Ag-(PTSC9), Loai bo - - _
10 | Ag-(PTSC10) 24,3845 | 22,0730 | Nhom 2
11 | Ag-(PTSC11). Loai bo . - i}
12 | Ag-(PTSC12), Loai bd - - -
13 | Ag-(PTSC13)2 Loai bd - - -
14 | Ag-(PTSC14), | Loai bo - - _
15 | Ag-(PTSC15), 22,0353 | 22,0728 | Nhém 2
16 | Ag-(PTSC16), 20,3856 | 19,1730 | Nhém 2
17 | Ag-(PTSC17)2 Loai bo - - ;
18 | Ag-(PTSC18)2 Loai bd - - -
19 | Ag-(PTSC19)2 Loai bo - - }
20 | Ag-(PTSC20). Loai bo - - .
21 | Ag-(PTSC21), 19,8341 20,3730 Nhém 2
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22 | Ag-(PTSC22), 14,9507 | 12,0730 Nhém 2
23 | Cd-(PTSC1). 8,3473 | 11,8360 Nhém 2
24 | Cd-(PTSC2). 15,6428 | 16,0730 Nhém 2
25 | Cd-(PTSC3), 6,0387 8,2496 Nhém 2
26 | Cd-(PTSC4), 6,2163 6,1850 Nhém 2
27 | Cd-(PTSC5). 5,0109 6,8350 Nhém 2
28 | Cd-(PTSC6). 12,3611 | 12,0730 Nhém 2
29 | Cd-(PTSC7). 19,3876 | 19,9730 Nhém 2
30 | Cd-(PTSC8). 14,5445 | 12,0730 Nhém 2
31 | Cd-(PTSC9). - - -

32 | Cd-(PTSC10), 24,1824 | 22,1630 Nhém 2
33 | Cd-(PTSC11), - - -
34 | Cd-(PTSC12), - - -
35 | Cd-(PTSC13), - - -
36 | Cd-(PTSC14); - - -
37 | Cd-(PTSC15), 23,7371 | 22,5262 Nhém 2
38 | Cd-(PTSC16); - - -
39 | Cd-(PTSC17); 13,8688 | 12,0730 Nhém 2
40 | Cd-(PTSC18), - - -
41 | Cd-(PTSC19), - - -
42 | Cd-(PTSC20), - - -
43 | Cd-(PTSC21), 15,0433 | 16,1347 Nhém 2
44 | Cd-(PTSC22), 16,8574 | 17,0729 Nhém 2
45 | Cu-(PTSC1). 9,3428 | 12,0017 Nhém 2
46 | Cu-(PTSC2). 16,7319 | 14,6241 Nhém 2
47 | Cu-(PTSC3), - 7,4252 Nhém 2
48 | Cu-(PTSCA4), - 7,4023 Nhém 2
49 | Cu-(PTSC5), 6,4243 6,1732 Nhém 2
50 | Cu-(PTSC6). 8,5288 | 12,0583 Nhém 2
51 | Cu-(PTSC7): 14,2355 | 14,2352 Nhém 2
52 | Cu-(PTSCS8). 15,5470 | 16,2133 Nhém 2
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53 | Cu-(PTSC9). - - -
54 | Cu-(PTSC10), 19,6937 | 20,3202 Nhém 2
55 | Cu-(PTSC11), - - -
56 | Cu-(PTSC12), - - -
57 | Cu-(PTSC13), - - -
58 | Cu-(PTSC14), - - -
59 | Cu-(PTSC15), 18,4685 | 17,9523 Nhém 2
60 | Cu-(PTSC16), - - -
61 | Cu-(PTSC17); 5,1770 8,8809 Nhém 2
62 | Cu-(PTSC18), - - -
63 | Cu-(PTSC19), - - -
64 | Cu-(PTSC20), - - -
65 | Cu-(PTSC21), 15,9489 | 14,3203 Nhém 2
66 | Cu-(PTSc22), 17,8068 | 18,8730 Nhém 2
67 | Ni-(PTSC1): 8,9813 | 11,9612 Nhém 2
68 | Ni-(PTSC2), 11,1689 | 12,0730 Nhém 2
69 | Ni-(PTSC3); - - -
70 | Ni-(PTSC4), - - -
71 | Ni-(PTSC5); 6,2954 6,1732 Nhém 2
72 | Ni-(PTSCS6): 9,8513 | 12,0712 Nhém 2
73 | Ni-(PTSC7): 16,0871 | 16,5321 Nhém 2
74 | Ni-(PTSC8); 16,3067 | 16,3030 Nhém 2
75 | Ni-(PTSC9). - - -
76 | Ni-(PTSC10), 17,0898 | 17,5327 Nhém 2
77 | Ni-(PTSC11), 252771 | 22,9729 Nhém 2
78 | Ni-(PTSC12), - - -
79 | Ni-(PTSC13), - - -
80 | Ni-(PTSC14), - - -
81 | Ni-(PTSC15), 20,8971 | 21,0728 Nhém 2
82 | Ni-(PTSC16). 16,7474 | 16,6330 Nhém 2
83 | Ni-(PTSC17); 13,9330 | 12,0730 Nhém 2
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84 | Ni-(PTSC18). - - -

85 | Ni-(PTSC19), - - -

86 | Ni-(PTSC20), - - -

87 | Ni-(PTSC21), 20,6785 | 12,0730 Nhém 2
88 | Ni-(PTSc22), 17,2083 | 17,1730 Nhém 2
89 | Zn-(PTSC1), 8,7167 | 11,9180 Nhém 2
90 | zZn-(PTSC2), 17,5496 | 17,0730 Nhém 2
91 | Zn-(PTSC3): - - -

92 | Zn-(PTSC4), - - -

93 | Zn-(PTSC5), 5,5737 6,2240 Nhém 2
94 | Zn-(PTSC6). 7,7864 | 12,0285 Nhém 2
95 | zZn-(PTSC7): 19,3413 | 12,0730 Nhém 2
96 | Zn-(PTSC8). 18,6403 | 12,0730 Nhém 2
97 | Zn-(PTSCY9). - - -

98 | Zn-(PTSC10), 20,2935 | 12,0730 Nhém 2
99 | Zn-(PTSC11), 24,6183 | 12,0729 Nhém 2
100 | Zn-(PTSC12), - - -
101 | Zn-(PTSC13), - - -
102 | Zn-(PTSC14), 21,1355 | 12,0729 Nhém 2
103 | Zn-(PTSC15), 19,1446 | 12,0729 Nhém 2
104 | Zn-(PTSC16), 16,2669 | 12,0730 Nhém 2
105 | Zn-(PTSC17). 12,2913 | 12,0730 Nhém 2
106 | Zn-(PTSC18), - - -
107 | Zn-(PTSC19), - - -
108 | Zn-(PTSC20), - - -
109 | Zn-(PTSC21), 13,6918 | 12,0730 Nhém 2
110 | Zn-(PTSc22), 17,1092 | 17,3460 Nhém 2
111 | Ag-(CTSC1), 11,1140 | 13,1331 Nhém 1
112 | Ag-(CTSC2), 16,1390 | 16,5315 Nhém 1
113 | Ag-(CTSC3), 18,9145 | 19,26354 | Nhém 1
114 | Ag-(CTSC4), | Loaibo - - -
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115 | Ag-(CTSC5), 20,2727 | 19,2151 Nhém 1
116 | Ag-(CTSC6), 13,2491 | 14,6148 Nhém 1
117 | Ag-(CTSC7)2 | Loaibo - - -
118 | Ag-(CTSC8)2 | Loai bo - - -
119 | Ag-(CTSC9). 7,5396 7,5540 Nhém 1
120 | Ag-(CTSC10), | Loai bo - - -
121 | Ag-(CTSC11), | Loaibo - - -
122 | Ag-(CTSC12), | Loai bo - - -
123 | Ag-(CTSC13), | Loaibo - - -
124 | Ag-(CTSC14), 13,7478 | 14,8075 Nhém 1
125 | Ag-(CTSC15), 17,6412 | 17,5943 Nhém 1
126 | Ag-(CTSC16), - - -
127 | Ag-(CTSC17), 12,1050 | 12,5320 Nhém 1
128 | Ag-(CTSC18), 13,5824 | 14,8909 Nhém 1
129 | Ag-(CTSC19), 12,7639 | 13,6861 Nhém 1
130 | Ag-(CTSC20), | Loai bo - - -
131 | Ag-(CTSC21), | Loaibo - - -
132 | Ag-(CTSC22), 14,6761 | 15,2301 Nhém 1
133 | Cd-(CTSC1), 11,2731 | 11,3658 Nhém 1
134 | Cd-(CTSC2), - - -
135 | Cd-(CTSC3), - - -
136 | Cd-(CTSC4), 21,1527 | 23,0199 Nhém 1
137 | Cd-(CTSC5), 16,6327 | 18,0918 Nhém 1
138 | Cd-(CTSC6). 9,8638 8,4457 Nhém 1
139 | Cd-(CTSC7). - - -
140 | Cd-(CTSC8). - - -
141 | Cd-(CTSC9). 13,2554 | 15,1931 Nhém 1
142 | Cd-(CTSC10), - - -
143 | Cd-(CTSC11), - - -
144 | Cd-(CTSC12), 15,6406 | 16,2614 Nhém 1
145 | Cd-(CTSC13), 16,2351 | 17,6903 Nhém 1
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146 | Cd-(CTSC14), 23,7368 | 22,3012 Nhém 1
147 | Cd-(CTSC15), 17,0675 | 17,6903 Nhém 1
148 | Cd-(CTSC16), 17,6903 | 17,6903 Nhém 1
149 | Cd-(CTSC17), 13,0030 | 14,3920 Nhém 1
150 | Cd-(CTSC18), 21,1375 | 20,3201 Nhém 1
151 | Cd-(CTSC19), 22,3431 | 21,6512 Nhém 1
152 | Cd-(CTSC20), - - -
153 | Cd-(CTSC21), - - -
154 | Cd-(CTSC22), - - -
155 | Cu-(CTSC1), 10,0415 | 11,5213 Nhém 1
156 | Cu-(CTSC2), - - -
157 | Cu-(CTSC3), 19,9003 | 20,1304 Nhém 1
158 | Cu-(CTSC4), 14,7635 | 15,2103 Nhém 1
159 | Cu-(CTSC5); 90,9452 | 11,6446 Nhém 1
160 | Cu-(CTSCS6). 7,9858 9,6903 Nhém 1
161 | Cu-(CTSC7): 27,3712 | 23,3266 Nhém 1
162 | Cu-(CTSC8). 21,9403 | 23,2802 Nhém 1
163 | Cu-(CTSC9), 11,3827 | 11,6524 Nhém 1
164 | Cu-(CTSC10). - - -
165 | Cu-(CTSC11), - - -
166 | Cu-(CTSC12), 6,2145 6,8974 Nhém 1
167 | Cu-(CTSC13), - - -
168 | Cu-(CTSC14), 14,6280 | 15,3102 Nhém 1
169 | Cu-(CTSC15), 10,7115 | 12,8748 Nhém 1
170 | Cu-(CTSC16), - - -
171 | Cu-(CTSC17), 5,7493 6,3201 Nhém 1
172 | Cu-(CTSC18), 11,9641 | 12,4562 Nhém 1
173 | Cu-(CTSC19), 17,7599 | 18,321 Nhém 1
174 | Cu-(CTSC20), - - -
175 | Cu-(CTSC21), - - -
176 | Cu-(CTSC22), 17,2913 | 17,6154 Nhém 1
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177 | Ni-(CTSC1), 6,3177 6,8951 Nhém 1
178 | Ni-(CTSC2), - - -

179 | Ni-(CTSC3), 14,9472 | 15,3258 Nhém 1
180 | Ni-(CTSC4), 15,0390 | 15,6325 Nhém 1
181 | Ni-(CTSC5). 10,2114 | 11,0245 Nhém 1
182 | Ni-(CTSC6). - - -

183 | Ni-(CTSC7). 27,6257 | 25,0325 Nhém 1
184 | Ni-(CTSC8). 22,2149 | 21,0985 Nhém 1
185 | Ni-(CTSC9). 6,1256 6,9851 Nhém 1
186 | Ni-(CTSC10), - - -

187 | Ni-(CTSC11), - - -

188 | Ni-(CTSC12), 6,3208 6,8157 Nhém 1
189 | Ni-(CTSC13), - - -

190 | Ni-(CTSC14), 14,7768 | 14,8751 Nhém 1
191 | Ni-(CTSC15), 10,9912 | 11,3213 Nhém 1
192 | Ni-(CTSC16), - - -

193 | Ni-(CTSC17), 6,0296 6,3512 Nhém 1
194 | Ni-(CTSC18), 12,0755 | 12,6951 Nhém 1
195 | Ni-(CTSC19), 13,4273 | 14,235 Nhém 1
196 | Ni-(CTSC20), - - -

197 | Ni-(CTSC21), - - -

198 | Ni-(CTSC22), 17,3814 | 18,3215 Nhém 1
199 | Zn-(CTSC1): 10,1578 | 11,8751 Nhém 1
200 | Zn-(CTSC2). 8,3483 8,4201 Nhém 1
201 | Zn-(CTSC3). 15,1035 | 15,2351 Nhém 1
202 | Zn-(CTSCA4), 14,8325 | 14,9563 Nhém 1
203 | Zn-(CTSC5), 10,0470 | 12,1474 Nhém 1
204 | Zn-(CTSC6). - - -

205 | Zn-(CTSC7): 27,4786 | 26,5123 Nhém 1
206 | Zn-(CTSC8). 22,0550 | 23,2907 Nhém 1
207 | Zn-(CTSC9). 5,9194 6,2354 Nhém 1
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STT | Phircchiat | Phircloai bé | QSPRmLr | QSPRann | M0 hinh
208 | Zn-(CTSC10): - - -
209 | Zn-(CTSC11): - - -
210 | Zn-(CTSC12), 6,4332 6,5241 Nhém 1
211 | Zn-(CTSC13); - - -
212 | Zn-(CTSC14), 14,9163 15,3201 Nhém 1
213 | Zn-(CTSC15), 10,8350 12,6544 Nhém 1
214 | Zn-(CTSC16)2 - - -
215 | Zn-(CTSC17). 5,7743 6,1032 Nhém 1
216 | Zn-(CTSC18)2 12,2288 12,3541 Nhém 1
217 | Zn-(CTSC19), 13,6639 13,7514 Nhém 1
218 | Zn-(CTSC20): - - -
219 | Zn-(CTSC21): - - -
220 | Zn-(CTSC22), 17,5047 17,8652 Nhém 1
Bang p8.3. Két qua duw dodn hang sé bén logBai sir dung
phwong trinh twong quan
Phirc Phwong trinh twong quan logf11exp | 10gf11ca | AREQD
35p 8,5000 | 8,5713 | 0,8386
logPi1-svr=2,1438 + 0,7562x1ogP11exp
33p NiCIIL 12,7100 | 11,7548 | 7,5157
|
35p 8,5000 | 8,0831 | 4,9045
logPi1-ann = -0,4963 + 1,0093%logB11exp
33p 12,7100 | 12,3324 | 2,9706
19p 5,5440 | 6,5592 | 18,3119
logBi1-svr = 2,7148 + 0,6934x10gB11exp
10p CanL 10,6300 | 10,0860 | 5,1171
19p 5,5440 | 5,9736 | 7,7495
logBii-ann=1,2926 + 0.8443%1logB11exp
10p 10,6300 | 10,2679 | 3,4060
85p 6,1140 | 6,8217 | 11,5751
logPi1-svr=1,7142 + 0,8354xlogP11exp
67p CulinL 5,9240 | 6,6630 | 12,4744
u
85p 6,1140 | 6,1219 | 0,1285
logPBir-ann=0,1163 + 0,9823 x1ogB11exp
67p 5,9240 | 5,9352 | 0,1895
49p | Zn(IL | logPii-svr=2,0424 + 0,7888xlogP1texp | 12,4000 | 11,8229 | 4,6538
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48p 7,3000 | 7,8003 | 6,8535
49p 12,4000 | 13,0384 | 5,1480
logP11-ann = -0,6056 + 1,1003%1ogB11exp
48p 7,3000 | 7,4267 | 1,7360
109n | Ni(IL | logBissvr = 2.1438 + 0.7562xlogBuiexy | 23,3149 | 19,7739 | 15,1877
110n | Cd(I)L | logBii-svr=2,7148 + 0,6934xlogP11exp | 23,0463 | 18,6960 | 18,8763
111n | Cu(l)L | logBirsvr= 1,7142 + 0,8354xlogPriey | 19,4148 | 17,9329 | 7,6328
112n | Zn(IL | logBrisvr=2,0424 + 0,7888xlogPuiexy | 16,4712 | 15,0341 | 8,7249
109n | Ni(IDL | logP1i-ann = -0,4963 + 1,0093x1ogPB11exp | 19,6298 | 19,3169 | 1,5940
110n | CA(I)L | logBii-ann= 1,2926 + 0,8443xlogP1texp | 21,3607 | 19,3283 | 9,5147
111n | Cu(llL | logPir-ann=0,1163 + 0,9823xlogP1iexp | 19,0603 | 18,8385 | 1,1637
112n | Zn(IL | logP1i-ann = -0,6056 + 1,1003x1ogP11exp | 17,5903 | 18,7494 | 6,5894
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Phu luc 9. Quy trinh tong hop BEPT va phitc chat
Ni(11)-BEPT, Cd(I1)-BEPT qua cac giai doan

Giai doan 1. Giai doan ethyl hoa phenothiazine

Phuong trinh phéan ng:

N
KOH DMSO, TBAHS, s

reflux o
10H-phenothiazine, 10-ethyl-10H-phenothiazine

) 2

KOH 11,93g

60 phut

nhanh

15phit |  Binh phan img 2. C,HsBr 11,67 m

DMSO 159ml

1. Phenothiazine 20g (1)

3. TBAHS 1,6970g

T=70C
Khudy
19 gio

Ban san phdm 1

Nudc cat

Ban san phdm 2

Loc tia

Bén san pham 3

Rira tua
Nudc rua: pH=7

Nudc cht

Bén san pham 4

Hoa tan

CHCI; Loc bo tap chét

Dich san pham 1

Na,SO, khan Loai bo nudc

Dich san phdm 2

Cod quay

San pham rin

60°C L
Metanol Rtra nong

San pham (2) 19,59

Hinh p9.1. Quy trinh téng hep giai doan 1 cia BEPT
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Hinh anh thuc nghiém & giai doan nay:

Hé thong phan iing giai doan 1 Sdc ky ban mong phan ing ethyl héa

Lam sach chat rdan bang dung méi  Sdc ky ban mong sau xit ly qua metanol ng. Vet

metanol ng (a) phenothiazine, (b) chdt rdn sau xir Iy

Hinh p9.2. Hinh dnh trong tong hop giai doan 1 ciia BEPT
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Giai doan 2. Giai doan Carbonyl hoa ethyl phenothiazin

Phuong trinh phan tng:

N
: :S: : Reflux

B

POCl; DMF, CHCl,

—_—_—

10-ethyl-10H-phenothiazine

Khi N,

2

h
seel

o

10-ethyl-10H-phenothiazine-3-carbaldehyde

San pham (2) 11g

Y

15 phat

DMF 8
CHCl,

Binh phén tng

49ml

1 giot/2giady

3

POCI; 9ml
CHClI; 35ml

\4

Phéu chiét

35ml

Duobi khi

N-hexan

\4

T =80°C
Khuay
65 gio

Bén san pham 1

A

ly

Y

Ban san

phidm 2

Chiét

Ban san

phiam 3

A

Co6 quay

Bén san pham 4 - sét

Hoa tan

>
>

Metanol

Co6 quay

Sén pham ran

60°C

Y

\4

Rtra nong

Trung hoa bang NaOH 10%
Chiet bang CHCl3
Tach nudc bang Na,SO,4

San pham (3) 10,059

Hinh p9.3. Quy trinh téng hep giai doan 2 cia BEPT




Hinh anh thyc nghiém & giai doan nay:

Vét (a) phenothiazine, (b) hé phdn iing

(1) (2) (3)

Hinh dnh xu Iy giai doan carbonyl héa
(1) Lam ngugi; (2) Chiét rira (3) Co quay dung dich

Sdc ky ban méng khi riza qua etanol

Vét (a) truéc khi xir ly, (b) sau khi xi ly

Hinh p9.4. Hinh dnh trong tong hop giai doan 2 ciia BEPT

Hinh sdc ky ban mong giai doan carbonyl hé
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Giai doan 3. Giai doan Brom héa phenothiazine carbonyl

@ jij\’r CHCl, Reﬂux e : /\
(0]

7-bromo-10-ethyl-10H-phenothiazine-3-carbaldehyde

¢ 10-ethyl-10H-phenothiazine-3-carbaldehyde

San pham (3) 69

15 phat

\ 4

khqu

NBS 4,69

Binh phan trng
CHCI; 110,4ml

T thuong
Khuay
| 35gi0

Bén san pham 1

y

Bén san pham 2

55°C

N-hexan

Chiét

Bén san pham 3

\ 4

Bén san pham 4

Dich san pham 1

Rtra nudc cat
Rtra lai mudi bao hoa

Loc tach Na,SO,

Co quay

A\ 4

Dich san pham 2

Y

A\ 4

Cod quay

San pham (4) 7,11g

0]

Na,SO, khan tach nudc

Hinh p9.5. Quy trinh téng hep giai doan 2 cia BEPT
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Hinh anh thyc nghiém ¢ giai doan nay:

Sdc ky ban mong phan g brom héa

Vét (a) chat ran (3), (b) NBS, (c) binh phdn img

Chiét ria hon hop phan iing Sdc ky ban mong sau tinh ché giai doan

brom hoa
Hinh p9.6. Hinh dnh trong tong hop giai doan 3 ciia BEPT
Giai doan 4. Giai doan Phan wng tao BEPT

Phuong trinh phéan ing

\ . \
N
H,N )J\ N
Y NH, N
H
o A
Br s Br s Z N NH,

@ EtOH, CH;COOH, H
o reflux )

2-((7-bromo-10-ethyl-10H-phenothiazin-3-yl)methylene)-

7-bromo-10-ethyl-10H-phenothiazine-3-carbaldehyde N . .
-hydrazinecarbothioamide
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San pham (4) 5¢

30 phat

Thiosemicarbazide| khudy |  Binh phan img

1,3630g 30 phat|  C,HsOH 55ml
T=60"C
Khuay lién tuc
| 8gio

AXit axetic 0,8ml

Bén san pham 1

Loc

Y

Bén san pham 2

55°C
Etanol > Loc

A4

BEPT 4,859

Hinh p9.7. Quy trinh tong hop giai doan 2 ciia BEPT

Hinh anh thyc nghiém ¢ giai doan nay:

Sdc ky ban mong ciia phan g giai doan
4 sau 8 gio. Vét (1) thiosemicarbazone,

(2) tdc chat dau, (3) phdn vmg

BEPT sau khi thu hoi giai doan 4

Hinh p9.8. Hinh dnh trong tong hop giai doan BEPT
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Giai doan tao phirc: xay dwng quy trinh tao phic téi wu

BEPT NiCl,/CdCl,

1,09 0,569

KOH 0,1M Binh phan tng

’ > KNO; 0,01M
pH=9 C,HsOH 30ml ’
T=60°C

Khuay lién tuc

11 gio

Rén
Etanol > Rura - Loc

Ni/Cd(11)-BEPT

Hinh p9.9. Quy trinh tong hop phic Cd(11)-BEPT va Ni(I)-BEPT

Hinh anh thyc nghiém ¢ giai doan nay:

Phurc Ni(1l)-BEPT Phurc Cd(11)-BEPT

Hinh p9.10. Hinh dnh téng hop phire Cd(11)-BEPT va Ni(11)-BEPT
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Phu luc 10. Quy trinh tong hop BECT va phitc chat
Cu(1D)-BECT, Zn(11)-BECT qua cac giai doan

Giai doan 1. Giai doan ethyl hoa phenothiazine

Phuong trinh phéan ng:

O O C,HsBr  TBAHS
KOH, DMSO

N
H Reflux )

@) @)

KOH 11,93g

60 phat

A

nhanh {5~ H.Br 11,67 ml

15 phat |  Binh phan mg

1. Carbazole 20g (1)

DMSO 159ml |, 3. TBAHS 1,6970g

T =60-70"C
Khuay
| 20 gio

Bén san pham 1

Nudc cat >

A4

Rén 2

Loc tia

A 4

Rén 3

Rira tha
Nuéc rira: pH =7

Nudc cat

A

Rén 4

60°C

Loc bo tap chét

Metanol

San pham (2) 24g

Hinh p10.1. Quy trinh téng hop giai doan 1 ciia BECT
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Hinh anh thyc nghiém & giai doan nay:

HE théng phan timg giai doan | Sdc ky ban mong phan ung ethyl hoa

Vét (a) phenothiazine, (b) hé phan irng

San pham giai dogn I Scic ky ban méng sau xit 1y qua metanol ng. Vét
(1) phenothiazine, (2) chdt rdn sau xir Iy
Hinh p10.2. Hinh danh trong tong hop giai doan I ciia BECT

Giai doan 2. Giai doan Carbonyl hda ethyl phenothiazin

Phuong trinh phan Umg:
CHO
POCl; DMF
N CHCIl; Reflux N

(2) (3)
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Khi N,

Pudi khi

N-hexan

San pham (2) 13g POCI; 9ml
CHCl; 35ml
15 phat
Binh phan ting ) . v
1 giot/2gia X ]
DMF 849ml |« S0 G0 4 chie
CHCI; 35ml
T =60-70°C
Khuay
! 72 gio
Bén san pham 1
v Trur;g h‘éa bi“mg NaOH 10%
Xir ly N Chiét bang QHClg
Tach nuédc bang Na,SO,

Bén san pham 2

Loc

Bén san pham 3

Cbd quay

A 4

Bén san pham 4 - sét

Hoa tan

> Co quay

San pham ran

Loc

Y

San pham (3) 11g

Hinh p10.3. Quy trinh téng hop giai doan 2 ciia BECT

Hinh anh thuc nghiém ¢ giai doan nay:

Hé théng phan iing giai doan 2

Vét (a) phenothiazine, (b) hé phdn iing

[ )
LA

0 ‘,ll/'h'_

Sdc ky ban mong giai doan carbonyl héa
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San pham giai doan 2
Hinh p10.4. Hinh anh trong tong hop giai doan 2 ciia BECT

Giai doan 3. Giai doan Brom hoa phenothiazine carbonyl

CHO Br: CHO
—_— =
Reflux
L L

3 “

San phdm (3) 59

15 phut

khuéy Binh phan tng
CHCl; 110,4ml
T thuong

Khuéy
4 gioy

NBS 4,6g

Bén san phim 1

Rira nude cat
Rura lai mudi bao hoa

Bén san phim 2

Chiét

Bén san phim 3

Na,SO, khan tach nudc

Bén san phim 4

Loc tach Na,SO4

Dich san phim 1

C6 quay

Dich san phim 2

55°C
N-hexan C6 quay

San phim (4) 4,24g

Hinh p10.5. Quy trinh téng hop giai doan 3 ciia BECT
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Hinh anh thuc nghiém & giai doan nay:

Sdc ky ban mong sau 2, 4, 6 h
Vét (1) chdt ran (3), (2) NBS, (3) binh phdn img

Hé thong phan iing giai doan 3

a) b)
Sdc ky bang mong khi xir 1y bang sdc ky

cot: dau cét (a)-cudi cot (b)
1: Vét HCTG (3) trude khi sac ky cét
2: Vét HCTG (3) sach
3a: Vét HCTG (3) - dau cot
3b: Vét HCTG (3) - cudi cot

Sdc ky cot lam sach

hop chdt trung gian

San pham giai doan 3

Hinh p10.6. Hinh dnh trong tong hop giai doan 3 ciia BECT
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Giai doan 4. Giai doan Phan wng tao BEPT

Phuong trinh phan tng

S
|

H
Br CHO H Br: X N NH
H,N—C—N—NH, N T
> Q S
EtOH/CH;COOH
L L

2

Reflux
4) )

San pham (4) 3g

30 phat

Thiosemicabazide | khudy Binh phan tng

1,09 30 phat|  C;HsOH 10ml
T =60-70°C
Khuay lién tuc
| 6gio

AXit axetic 0,8ml

Bén san pham 1

Loc

Y

Bén san pham 2

55°C
Etanol > Loc

\4

San pham (5) 3,19

Hinh p10.7. Quy trinh téng hop BECT

Hinh anh thyc nghiém ¢ giai doan nay:

H¢ phan ung giai dogn Sdc ky sau phan img
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BECT

Sdc ky ban mong cua phan vng giai doan 4 sau

riea. Vét (1) tac chdt dau; (2) thiosemicarbazine, (3)

BECT

Hinh p10.8. Hinh anh trong tong hop BECT

Giai doan tao phirc: xay dwng quy trinh tao

phirc tdi wu

BECT 0,5¢
DMF 10ml

CuCl,5H,0 0,59
CH;OH 10ml

|

Binh phan ung

T =60-70°C
Khuay lién tuc
| 4 gio

long - ran

Etanol

A 4
z
o

Cu(I1)-BECT 0,4g

Hinh p10.9. Quy trinh téng hop phizc Cd(11)-BECT
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BECT 0,59
EA/MeOH 10ml

Y

Zn(OOCH3)25H20
0,59

> Binh phan ung

T = 60-70°C
Khuay lién tuc
| 3 gio

Dung dich 1

| CO quay
Etanol > Rin 1

A4

Zn(11)-BECT 0,44g

Hinh p10.10. Quy trinh téng hop phic Zn(11)-BECT

Hinh anh thyc nghiém ¢ giai doan nay:

Phire Cu(1)-BECT Phirc Zn(11)-BECT

Hinh p10.11. Hink dnh phirc Cu(Il)-BECT va Zn(I1)-BECT

108



Phu luc 11. Pho FT-IR ciia BEPT va tién chat trwée dé
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Wavenumber cm-1
DARZSSTIO ST T3 D4 10/2018

Hinh p11.1. Phé FT-IR cia hop chdt (4) trong giai doan tong hop BEPT
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Hinh p11.2. Phé FT-IR cia BEPT
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Phu luc 12. Pho *H-NMR va két qua phan tich cia BEPT

ST4-DMSO-1H R
= [
: A
| ““c ‘ (‘ ! ' o

N
S
,[ I N /ﬂ\
Br s 7 \H NH,

!

3 2 1 0 ppm

Il

14 13 12 1 10 9 8

6 5

4
8 e’m]&é]sé;éé!s{m.]a; a8 8|
=l el 2 8 13 8

Hinh p12.1. Phé 'H-NMR day di cia BEPT
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ST4-DMSO-1H

Hinh p12.2. Phé *H-NMR m¢ réng (6,8-8,3ppm) ciia BEPT
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ST4-DMSO-1H Eég
B ER

iU N W/

I .
,h |1 v ||\._ | ﬂ"‘“ )\

4.0 35 3.0 25 2.0 1.5 ppm
L‘--, - ..:_J k: e A/l 1"'»-‘“,' A
3 ] E
o~ -~ o

Hinh p12.3. Phé *H-NMR mé réng (1,0-4,5ppm) ciia BEPT
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Bang p12. Tong hop két quda phan tich phé *H-NMR ciia BEPT

STT 3, (ppm) Pic tinh mii | J (Hz) S6 H Kiéu H
1 1,27 t 7,0 3 CHjs
2 3,89 q 6,5 2 CH:
3 6,92 d 8,5 1 CH vong thom
4 6,97 d 9 1 CH vong thom
5 7,31 S - 1 CH vong thom
6 7,33 m - 1 CH vong thom
7 7,47 d 8,8; 15 1 CH vong thom
8 7,71 d 1,5 1 CH vong thom
9 7,92 m - 1 CH=N
10 8,0 S - 1 NH:
11 8,1 S - 1 NH:
12 11,301 S - 1 NH
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Phu luc 13. Pho ®C-NMR, DEPT va két qua phan tich ciia BEPT

ST4-DMSO-C13CPD -}.@n

\N
/[ I jij\/ S
N )J\
Br s 7 \H NH,

200 180 160 140 120 100 80 60 40 20 ppm

Hinh p13.1. Phé 'C-NMR day dii ciia BEPT
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ST4-DMSO-C13CPD ngn
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Br s 7 \H NH

|
A—L‘“———L‘ .LJL Ao IS -—mLﬁl‘ N At bt e
110

180 160 150 140 130 90 80 70 60 50 40 30 26 ppm

Hinh p13.2. Phé 'C-NMR mé réng (10-180ppm) ciia BEPT
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ST4-DMSO-C13CPD ngn
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Hinh p13.3. Phé 'C-NMR m¢é réng (110-150ppm) ciia BEPT
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ST4-DMSO-C13CPD &DEPT
DEPTO90

T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

DEPT135

T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 20 80 70 60 50

40 30 20 10 pPpm
C1l3CPD
T T T T T T T T | T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

Hinh p13.4. Phé 'C-NMR: DEPT va CPD ddy dui cia BEPT
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ST4-DMSO-C13CPD &DEPT

DEPTO90

1;5 1;0 135 1;0 11]’5 150 1is ppm
DEPT135
CH&CH3 ' l ‘ [ { ~
NI R P AN AA S 7 P, WWMMW
CHZ

T T T T T T T

145 140 135 130 125 120 115 ppm
C13CPD
mim.—wuwwmwuww b MW

14|5 1:|o 1:;5 13|o 155 1’1»0 1i5 ppm

Hinh p13.5. Phé 1C-NMR: DEPT va CPD mé réng (110-150ppm) ciia BEPT
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Bang p13. Tong hop két qud phan tich pho 3C-NMR két hop véi phé DEPT cia BEPT

STT 8, (ppm) Kiéu carbon Pic tinh miii Ghi cha
1 12,3 CHs +
2 41,4 CH:> -
3 113,5 CH +
4 113,9 Cbac 4
5 115,2 CH
6 117,1 CH
7 122,5 C bac 4
8 1247 CH +
9 124.8 Cbac4
10 127.9 C bac 4
11 128,8 CH +
12 130,2 CH
13 141,0 CH
14 1428 C bac 4
15 1449 Cbac4 CH=N
16 177,7 Cbac4 C=S
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Phu luc 14. Pho HR-MS ciia BEPT

Saspe Mame sty Peutos s N 1
Usar Karme nj Vol 3 njPositon

Sample Type Srvple IRM Calidention Status  Sucoen Data Fikename i

AQ Method A Ton M-St | (0MeOM m Commene Acquired Time 20082018 1135 AN

p—
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e B
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Hinh p14. Phé HR-MS ciia BEPT
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Phu luc 15. Phé FT-IR ciia Cd(I1)-BEPT
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Hinh p15. Phé ET-IR cia Cd(I1)-BEPT
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Phu luc 16. Pho 'H-NMR va két qua phan tich cia Cd(11)-BEPT

FCd-DMSO-1H
YW

NH, '/
/N;(JQN
Br s N S
Sed”
\Q j@fs/ ‘N‘ s o
N —N/

) H,N

AL

Hinh p16.1. Phé 'H-NMR day dii cia Cd(11)-BEPT
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Hinh p16.2. Phé 'H-NMR m¢ réng (6,85-8,25ppm) cuia Cd(I1)-BEPT
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Hinh p16.3. Phé 'H-NMR ldic D,0 day du ciia Cd(I1)-BEPT
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FCd-DMSO&D20-1H
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Hinh p16.4. Phé H-NMR ldc D20 mé réng (6,8-8,0ppm) cua Cd(I1)-BEPT
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2 _NH,
708 849 N_

S eses

71610 12 15763

709 744 H,N

1
6 10 9.14

17 1.14

Hinh p16.5. So' d6 Vi tri cdc dinh nguyén tiz va pho ly thuyét 'H-NMR cua Cd(11)-BEPT
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Bang p16. So sanh két qua phan tich phé ly thuyét va phé nghiém H-NMR cia Cd(11)-BEPT

s | Vit “f'c di;nh > P bic E':nh J, (Hz) S6 H Kiéu H
nguyen tir Phé Iy thuyét | Phé nghiém mui

1 17 1,14 1,27 t 6,8 3 CHs
2 16 3,10 3,90 q 5,8 2 CH2
3 6,93 d 8,5 1 CH vong thom
4 6,98 d 9,0 1 CH vong thom
5 5,8,10, 11, 14, | 7,55, 7,08; 7,16; 7.32 S - 1 CH vong thom
6 15 7,09; 7,44; 7,63 7,34 S - 1 CH vong thom
7 7,48 d 8,0 1 CH vong thom
8 1,72 S - 1 CH vong thom
9 8,49 7,92 S - 1 CH=N
10 9,14 8,1 S - 1 NH:
11 9,14 8,15 S - 1 NH:
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Phu luc 17. Pho 'C-NMR, DEPT va két qua phan tich cia Cd(I1)-BEPT

FCd-DMSO-13C

Hinh p17.1. Phé 'C-NMR day dii cua Cd(11)-BEPT
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FCd-DMSO-13C

M (SRR p— - wujwmwmwmw

Ppm

Hinh p17.2. Phé 'C-NMR mé réng (113-147ppm) cua Cd(I1)-BEPT
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FCd-DMSO-13C&DEPT
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Hinh p17.3. Phé 'C-NMR: DEPT ddy i cia Cd(11)-BEPT
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FCd-DMSO-13C&DEPT
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Hinh p17.4. Phé 1C-NMR: DEPT mé réng (117-146ppm) ciia Cd(I1)-BEPT
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FCd-DMSO-13C&DEPT
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Hinh p17.5. Phé 'C-NMR: DEPT m¢ réng (120-132ppm) cia Cd(I1)-BEPT
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1229 8 114.7 1242 5
Br<_ 9

Hinh p17.6. So dé Vi tri cdc dinh nguyén ti va phd ly thuyét 3C-NMR cua Cd(11)-BEPT
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Bang p17. Tang hop két qud phan tich phao 1y thuyét va phé nghiém 2C-NMR két hop véi phé DEPT 90, DEPT 135 va CPD cua

phizc Cd(I1)-BEPT

STT Vitri c{‘c dfnh T ° (p!o m) 125, (HF ) - Kiéu carbon | BPic tinh miii
nguyen twr Pho ly thuyeét Pho nghiém

1 17 12,5 12,3 CHs +
2 16 44,4 41,5 CH: -
3 115,2 CH +
4 117,2 CH +
5 5,8,10,11, 14, | 130,6; 130,2; 131,0; 124.8 CH +
6 15 116,2; 134,3; 126,8 128,1 CH +
7 128,8 CH +
8 130,2 CH +
9 3 1494 141,4 CH, CH=N +
10 114,0 Chac4

11 122,5 Chac4

12 467912 13 123,8; 124,2; 114,7; 124,85 C bac 4

13 122,9; 143,9; 147,2 128,7 Cbac4

14 142,8 Cbac4

15 145,0 Cbac4

16 2 157,9 177,3 Cbac4, C-S
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Phu luc 18. Pho HSQC va HMBC va két qua phan tich
caua Cd(I1)-BEPT

FCd-DMSO-HSQC

Hinh p18.1. Phé HSOC day dii ciia Cd(11)-BEPT
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FCd-DMSO-HSQC

Hinh p18.2. Phé HSQC mé réng 1,0-4,5/5-45 (ppm)cia Cd(11)-BEPT
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Hinh p18.3. Phé HSQC m¢ réng 7,0-8,2/110-145 (ppm)cuia Cd(11)-BEPT
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FCd-DMSO-HSQC
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Hinh p18.4. Phé HSQC m¢é réng 6,85-7,10/112-119 (ppm)cia Cd(11)-BEPT
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FCd-DMSO-HSQC
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Hinh p18.5. Phé HSQC mé réng 7,2-7,8/123-131 (ppm)cua Cd(11)-BEPT
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FCd-DMSO-HMBC
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i
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Hinh p18.6. Phé HMBC day dii cuia Cd(11)-BEPT
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Hinh p18.7. Phé HMBC m¢é réng 0,5-4,5/5-50 (ppm) ciia Cd(11)-BEPT
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Hinh p18.8. Phé HMBC m¢ réng 3,75-4,1/138-149 (ppm) cua Cd(11)-BEPT
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FCd-DMSO-HMBC
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Hinh p18.9. Phé HMBC m¢é réng 7,6-8,6/173-181 (ppm) cua Cd(l1)-BEPT
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FCd-DMSO-HMBC
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Hinh p18.10. Phé HMBC mé réng 6,8-8,4/110-150 (ppm) cuia Cd(11)-BEPT
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FCd-DMSO-HMBC
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Hinh p18.11. Phé HMBC m¢é réng 6,85-7,05/110-133 (ppm) cia Cd(I1)-BEPT
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FCd-DMSO-HMBC
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Hinh p18.12. Phé HMBC m¢ réng 7,3-8,2/121-134 (ppm) cua Cd(11)-BEPT
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FCd-DMSO-HMBC
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Hinh p18.13. Phé HMBC m¢ réng 7,0-8,0/138-148 (ppm) cua Cd(I1)-BEPT
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Bang p18. Tang hop két qud phé HSQC va HMBC cua phirc Cd(11)-BEPT

Vi tri cac Ly thuyét Pic tinh HSQC HMBC
nguyentir | g, (opm) |  3c, (ppm) mili 8, (ppm) | 8c, (ppm) H—C
1 9,14 - NH. 8,1 - Cz
1 9,14 - NH2 8,15 - C
2 - 157,9 C bac bén - 177,3 -
3 8,49 149,4 CH, CH=N 7,92 141,4 Cs; Cis
4 - 123,8 C bac bén - 128,7 -
5 7,55 130,6 CH 7,48 128,1 Cs; C13; Cu3
6 - 1242 C bac bén - 122,5 -
7 - 114,7 C bac bbn - 114,0 -
8 7,08 130,2 CH 7,34 130,2 Co; C12
9 - 122,9 C bac bbn - 128,85 -
10 7,16 131,0 CH 7,32 128,8 C; Cio
11 7,09 116,2 CH 6,93 117,2 Co; Cu2; Cy
12 - 143,9 C bac bbn - 142,8 -
13 - 1472 C bac bén - 145,0 -
14 7,44 134,3 CH 6,98 115,2 Ci3; C4; Cs
15 7,63 126,8 CH 7,72 124,8 Cs; C3; Cua
16 31 44,4 CH> 3,9 41,5 C12; Ci3, C17
17 1,14 12,5 CHs 1,27 12,3 Cis
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Sample Name
User Name
Sample Type
ACQ Method

Phu

luc 19. Phé HR-MS ciia Cd(I1)-BEPT
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Hinh 19. Phé HS-MR cia Cd(11)-BEPT
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Phu luc 20. Phé EDX va SEM ciia Cd(11)-BEPT
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Hinh p20.1. Phé EDX cia Cd(I1)-BEPT
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Hinh 20.2. Phé SEM cua Cd(11)-BEPT
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Phu luc 21. Phd FT-IR ciia Ni(11)-BEPT
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Page 11

Hinh 21. Phé FT-IR cia Ni(11)-BEPT
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Phu luc 22. Pho 'H-NMR va két qua phan tich caa Ni(11)-BEPT

FNi—-DMSO-1H

Hinh p22.1. Phé 'H-NMR day dii cia Ni(11)-BEPT
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FNi-DMSO-1H
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Hinh p22.2. Phé 'H-NMR m¢ réng (6,75-8,25ppm) cuia Ni(ll)-BEPT
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FNi-DMSO&D20-1H
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Hinh p22.3. Phé 'H-NMR ldc D20 day dii ciia phic Ni(11)-BEPT
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FNi-DMSO&D20-1H
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Hinh p22.4. Phé *H-NMR ldc D20 mé réng (6,5-8,2) cuia phirc Ni(Il)-BEPT
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10 8.40 : .
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11 14
7.09 7.44 H,N
16 9.14
17,1, 310

Hinh p22.5. So do Vi tri cdc dinh nguyén ti va phé Iy thuyét tH-NMR cua Ni(l1)-BEPT
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Bang p22. Tang hop két qud phan tich pho *H-NMR cua phire Ni(11)-BEPT

3, (ppm)

gy | Vi tricde dinh bictilh | 5 Hz) | séH Kidu H
nguyen tr Phé ly thuyét Phé nghiém mul

1 17 1,14 1,25 t 6,5 3 CHs
2 16 3,10 3,90 q 6,5 2 CH:
3 6,91 d 8,5 1 CH vong thom
4 6,96 d 8.5 1 CH vong thom
5 5;8;10; 11; 7,55;7,08; 7,16; 7,09; 7,29 S _ 1 CH vong thom
6 14: 15 7,44; 7,63 7,31 d 8,0 1 CH vong thom
7 7,45 S - 1 CH vong thom
8 7,67 S - 1 CH vong thom
9 8,49 7,90 S - 1 CH=N
10 9,14 7,99 S - 1 NH:
11 9,14 8,05 S - 1 NH:
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Phu luc 23. Pho *C-NMR phic chat Ni(11)-BEPT

FNi-DMSO-13C
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B s *N/ s
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1 | |

Hinh p23.1. Phé 'C-NMR day dii cua Ni(11)-BEPT
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FNi-DMSO-13C

| | |
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Hinh p23.2. Phé 'C-NMR m¢é réng (118-146ppm) cua Ni(11)-BEPT
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Hinh p23.3. Phé 'C-NMR: DEPT ddy di cuia Ni(11)-BEPT
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DEPT 90 FNi-DMSO-13C&DEPT
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Hinh p23.4. Phé 'C-NMR: DEPT m¢ réng (110-150ppm) cza Ni(I1)-BEPT
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Hinh p23.5. Phé 'C-NMR: DEPT mé réng (120-132ppm) cia Ni(ll)-BEPT
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1302 1306 149.4
1229 1147

1242 1238 3 131.0
122.9g,
130.6 130.2
131.0 10 > 1268 149.4
1439 1472
1162 16 134.3 H,N" 157.9
44.4
17 155

Hinh p23.6. So do Vi tri cdc dinh nguyén ti va phé Iy thuyét 13C-NMR caa Ni(11)-BEPT
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Bang p23. Tong hop phan tich két qud phe Iy thuyét va pho nghiém 13C két hop véi
phé DEPT 90, DEPT 135 va CPD cia Ni(ll)-BEPT

Vi tri cac dinh

8, (Ppm)

STT nguyen ti Phé Iy thuydt Pha nghiem Kiéu carbon Pic tinh mii
1 17 12,5 11,9 CHs +
2 16 44,4 41,1 CH: -
3 114,8 CH +
4 116,7 CH +
5 58,10,11,14, | 130,6: 130,2; 131,0; 1243 CH +
6 15 116,2; 134,3: 126,8 127,5 CH +
7 128,3 CH +
8 129,8 CH +
9 3 149.4 140,7 CH, CH=N +
10 122,1 C bac bén
11 124.4 C bac bbn
12 46,7912 13 123,8; 124,2; 114,7; 128,7 C bac b(?n
13 122,9; 143,9; 147,2 113,5 C bac bbn
14 1424 C bac bén
15 1445 C bac bbn
16 2 157,9 177,1 C bac bbn, C-S
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Phu luc 24. Phé HSQC va HMBC va két qua phan tich
ciia Ni(1)-BEPT

FNi-DMSO-HSQC
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Hinh 24.1. Phé HSQC day dii cia Ni(11)-BEPT
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FNi-DMSO-HSQC

I | lll\ |' |
\_/\_JHJ \’!k le /\LJ"\M* ppm

20

D
T
o

™ 5

45

50

4.0 3D 3.0 2.5 2.0 : 1Y) 1.0 ppm

Hinh 24.2. Phé HSQC mé réng 1,0-4,0/10-55 (ppm) cua Ni(I1)-BEPT
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FNi-DMSO-HSQC
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Hinh 24.3. Phé HSQC mé réng 6,8-4,0/114-142 (ppm) cua Ni(11)-BEPT
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FNi-DMSO-HSQC
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Hinh 24.4. Phé HSQC mé réng 6,85-7,05/112-118 (ppm) cia Ni(ll)-BEPT
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FNi-DMSO-HSQC
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Hinh 24.5. Phé HSQC mé réng 7,2-7,7/123-131 (ppm) cua Ni(11)-BEPT
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FNi-DMSO-HMBC
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Hinh 24.6. Phé HMBC day di ciia Ni(11)-BEPT
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FNi-DMSO-HMBC
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Hinh 24.7. Phé HMBC mé réng 0,0-4,5/5-60 (ppm) cia Ni(11)-BEPT
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FNi-DMSO-HMBC
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Hinh 24.8. Phé HMBC m¢ réng 10,5-4,5/135-185 (ppm) cua Ni(11)-BEPT
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FNi-DMSO-HMBC

o A

138

139

139

—140

—140

141

R

= 5

DA
—

~-141

142

F142

143

143

———
_

—144

—144

—145

145

—

=

==

~-146

—146

147

[ 147

~148

ppm

Hinh 24.9. Phé HMBC mé réng 3,6-4,1/138-148 (ppm) cua Ni(11)-BEPT
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FNi-DMSO-HMBC
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Hinh 24.10. Phé HMBC mé réng 6,6-8,4/110-150 (ppm) cza Ni(ll)-BEPT
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FNi-DMSO-HMBC
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Hinh 24.11. Phé HMBC m¢ réng 6,80-7,05/119-133 (ppm) cua Ni(ll)-BEPT
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FNi-DMSO-HMBC

Hinh 24.12. Phé HMBC mé réng 7,2-8,0/121-133 (ppm) cuia Ni(11)-BEPT
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FNi-DMSO-HMBC
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Hinh 24.13. Phé HMBC mé réng 7,2-7,7/137-147 (ppm) cua Ni(11)-BEPT
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Bang p24. Tong hop két qua phé HSQC va HMBC cua phirc Ni(l1)-BEPT

Vi tri cac Phé ly thuyét HSQC HMBC
t . Pac tinh miii

nguyentir |5, (ppm) | 8c, (ppm) | 8H, (PPM) 8c, (ppm) H—C
1 9,14 - NH; 7,99 - Co
1 9,14 - NH; 8,05 - Ce
2 - 157,9 - - 1771 -
3 8,49 149,4 CH, CH=N 7,90 140,7 Co; Cs; Cis; Cs; Cao
4 - 123,8 C bac bbn - 128,7 -
5 7,55 130,6 CH 745 1275 Cs; Cis; Cs; Cus
6 - 124,2 C bac bbn - 122,1 -
7 - 114,7 C bac bbn - 113,5 -
8 7,08 130,2 CH 7,31 129,8 Cr; Co; Cis; Cs; Coo
9 - 122,9 C bac bbn - 124,4 -
10 7,16 131,0 CH 7,29 128,3 Cs; C2; Cy; Cuy; Cs; Co; Cua
11 7,09 116,2 CH 6,91 116,7 Co; Cs; Cs; Cao; Cas
12 - 143,9 C bac bbn - 1424 -
13 - 147,2 C bac bbn - 144,5 -
14 7,44 1343 CH 6,96 114,8 Cis; Ca; Cs; Cao; Caz
15 7,63 126,8 CH 7,67 1243 Cs; Cs; Ca
16 3,10 44.4 CH. 3,90 41,1 Cis; Cur
17 1,14 12,5 CHs 1,25 11,9 Cis
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Samghe Narme
User Mo
Sample Type
ACQ Method

Phu luc 25. Phé HR-MS ciia Ni(11)-BEPT
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Phu luc 26. Phé EDX va SEM cia Ni(11)-BEPT
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Hinh p26.1. Phé EDX cua Ni(ll)-BEPT
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Hinh p26.2. Phé SEM cua Ni(ll)-BEPT
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Phu luc 27. Pho FT-IR ciia BECT va tién chat trwéde dé
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Hinh p27.1. Phé FT-IR cia hep chdt (4) trong giai doan tong hop BECT
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Hinh p27.2. Pho FT-IR cua BECT
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Phu luc 28. Pho 'H-NMR va két qua phan tich cia BECT

CAR.T-DMSO-1H
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Hinh p28.1. Pho *H-NMR day dii ciia BECT
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Hinh p28.2. Phé 'H-NMR mé réng (7,35-8,85ppm) ciia BECT

187



CAR.T-DMSO-1H

Hinh p28.3. Phé *H-NMR m¢ réng (1,00-5,0ppm) ciia BECT
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Bang p28. Tong hop két qud phan tich pho *H-NMR cia BECT

STT 31, (ppm) Piic tinh miii J, (H2) S6 H Kiéu H
1 1,29 t - 3 CHs
2 4,43 q 7,0 2 CH:
3 7,58 — 7,59 m - 1 CH vong thom
4 7,58 S - 1 CH vong thom
5 7,63 d 8,5 1 CH vong thom
6 7,96 d 8,8 2 CH vong thom
7 8,17 S - 1 CH vong thom
8 8,22 S - 1 CH=N
9 8,42 S - 1 NH cua NH2
10 8,65 S - 1 NH cta NH>
11 11,39 S - 1 N-H
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Phu luc 29. Pho *C-NMR va két qua phan tich cia BECT

CAR.T-DMSO-C13CPD -E@“

b O N Q \/T
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Hinh p29.1. Phé 8C-NMR ddy dii ciia BECT
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CAR.T-DMSO-C13CPD

T 1
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Hinh p29.2. Phé 3C-NMR m¢é réng (10-180,5ppm) ciia BECT
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Hinh p29.3. Phé 3C-NMR mé réng (107,5-146ppm) ciia BECT
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Hinh p29.4. Phé 8C-NMR: DEPT, CPD day di ciia BECT
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Hinh p29.5. Pho *C-NMR: DEPT, CPD m¢é réng (108-145ppm) ciia BECT
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Bang p29. Tong hop két qua phan tich phé 13C-NMR cuia BECT

STT 9, (ppm) — 125 (MHz) Kiéu Carbon bic tcigllllgnlllfll:ﬁ’l:lﬁgp thu
1 13,7 CHs .
c 373 CH> i
3 109,6 CH n
4 111,4 CH .
5 111,5 C béc bon
6 120,6 CH N
7 121,4 C béc bén
8 123,1 CH .
9 124,2 C béac bon
10 125,6 CH .
11 125,9 C bac bon
12 128,4 CH "
13 138,7 C béac bon
14 140,8 C béac bén
15 143,2 CH, CH=N +
16 177.,6 C bac bon, C=S
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Phu luc 30. Pho HR-MS ciia BECT

Display Report
Analysis Info Acquisition Date  10/8/2018 65822 PM
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Hinh 30. Phé HR-MS ciia BECT
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Phu luc 31. Phd FT-IR ciia Cu(I1)-BECT
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Hinh 31. Phé FT-IR cia Cu(11)-BECT
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Phu luc 32. Pho 'H-NMR va két qua phan tich cia Cu(l1)-BECT

Cu—Thiosemicarbazone—DMSO—1H
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S S| el

Hinh p32.1. Phé 'H-NMR ddy di cua Cu(11)-BECT
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Cu—Thiosemicarbazone-DMSO-1H
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Hinh p32.2. Phé *H-NMR mé réng (7,25-8,95ppm) cua Cu(ll)-BECT
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Cu—Thiosemicarbazone-=DMSO-1H

1751

Hinh p32.3. Phé 'H-NMR mé réng (0,7 — 5,1ppm) cuiia Cu(l1)-BECT
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Cu—Thiosemicarbazone-DMSO&D20 IH
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Cu—Thiosemicarbazone-DMSO&D20 —-1H

81
46

Hinh p32.5. Phé 'H-NMR ldc D20 mé réng (0,8 — 5,0ppm) cia Cu(I1)-BECT
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Cu=Thiosemicarbazone-=DMSO&D20 ~1H

Hinh p32.6. Phé 'H-NMR ldc D20 mé réng (7,1-9,1ppm) cuia Cu(l1)-BECT
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7.42

Br

Hinh p32.7. So do vi tri cac dinh nguyén ti va phé Iy thuyét 'H-NMR cuia Cu(ll)-BECT
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Bang p32. Tang hop két qud phan tich pha 1y thuyét va phé nghiém tH-NMR cua phizc Cu(11)-BECT

. r _r 2 6 ’ m - , B .
sTT | V!tricacdinh , . (ppM) Bac tinh J, (H2) Sé H Kiéu H
nguyen tir Pho 1y thuyét | Pho nghiém mui
1 14 1,37 1,31 t 7,0 3 CHs
2 13 4,53 4,47 q 6,5 2 CH:
3 7,60 —7,65 m - 1 CH vong thom
4 8,69 7,63 S - 1 CH vong thom
7,65
5 77 d 8,5 1 CH vong thom
1,3,4,56,8 7,79 ’
6 T 8,05 8.03 d 8,5 1 CH vong thom
7 142 1 CH vong th
7.36 8,29 S - vong thom
8,41 S - 1 CH vong thom
9 15 8,49 8,68 S - 1 H cua CH=N
10 17 9,14 8,52 S - 1 NH cua NH>
11 17 9,14 8.7 S 1 NH cua NH>
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Phu luc 33. Pho 'C-NMR va két qua phan tich caa Cu(11)-BECT

Cu-Thiosemicarbazone-DMSO-13(C

NH, ﬁ
: T
O {7 ¢ S
K H,N

Hinh p33.1. Phé 'C-NMR day dii cua Cu(ll)-BECT
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Cu—Thiosemicarbazone-DMSO-13C

Hinh p33.2. Phé 'C-NMR m¢é réng (108-148ppm) cua Cu(ll)-BECT
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Cu—=Thiosemicarbazone-DMSO-13C&DEPT
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Hinh p33.3. Phé 'C-NMR: DEPT ddy di cia Cu(l1)-BECT
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Cu~Thiosemicarbazone-DMSO-13C&DEPT
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Hinh p33.4. Phé 'C-NMR: DEPT mé réng (105-150ppm) cia Cu(I1)-BECT

209



14.6

ﬁ 403
1579 NH

126.1 1542 N
- 1494 128.4
Br 1225 o 12111244 15 / ; 198

71033 151 8

110.2

124.7 6 3
112.8 [ 1494

10 157.9

5 N
1102 1284 154.2 126 I H)N
13k

40.3 14 14.6

Hinh p33.5. So do Vi tri cde dinh nguyén ti va pho Iy thuyét 3C-NMR cia Cu(11)-BECT
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Bang p33. Tang hop két qua phan tich phe Iy thuyét va pho nghiém 3C-NMR két hop véi
phé DEPT 90, DEPT 135 va CPD cua phic Cu(11)-BECT

Vi tri cac dinh

oc, (ppm) — 125, (MHz)

Pic tinh miii hap thu

STT nguyén tir Phé 1y thuyét Pho nghiém Kicu Carbon cong hudéng
1 14 14,6 13,5 CHs +
2 13 40,3 37,2 CH. -
3 109,6 CH +
4 111,3 CH +
5 34568 121,1; 112,8: 126,1; 1212 CH +
6 110,2; 124,7; 126,0 1229 CH
7 125,8 CH
8 128,3 CH
9 111,4 C bac bbn
10 123,9 C bac bén +
11 2,7,9,10, 11, | 124,4;122,5; 103,3; 124.7 C bac bén
12 12 128,4; 151,8; 154,2 128.9 C bic bén
13 138,6 C bac bbn
14 141,0 C bac bbn
15 15 149,4 146,4 CH, CH=N +
16 16 157,9 191,5 C bac bbn, C-S
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Phu luc 34. Pho HSQC va HMBC va két qua phan tich
caa Cu(ll)-BECT

Cu—Thiosemicarbazone—~DMSO-HSQC
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Hinh p34.1. Phé HSOC day dii cua Cu(l1)-BECT
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Cu—Thiosemicarbazone-DMSO-HSQC
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Hinh p34.2. Phé HSQC mé réng 1,0-5,5/1,0-50 (ppm) cia Cu(l1)-BECT
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Cu—Thiosemicarbazone—DMSO-HSQC
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Hinh p34.3. Phé HSQC mé réng 7,3-8,8/100-150 (ppm) cia Cu(ll)-BECT
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Cu—Thiosemicarbazone-DMSO-HSQC
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Hinh p34.4. Phé HSQC m¢ réng 7,50-7,90/107-132 (ppm) cia Cu(I1)-BECT
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Cu—Thiosemicarbazone-DMSO-HSQC
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Hinh p34.5. Phé HSQC mé réng 8,0-8,8/119-130 (ppm) cua Cu(ll)-BECT
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Cu—Thiosemicarbazone—DMSO-HMBC
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Hinh p34.6. Phé HMBC day dii ciia Cu(ll)-BECT
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Cu—Thiosemicarbazone-DMSO-HMBC
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Hinh p34.7. Phé HMBC mgé réng 1,0-3,0/10-55 (ppm) cia Cu(I1)-BECT
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Cu—Thiosemicarbazone-DMSO-HMBC
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Hinh p34.8. Phé HMBC m¢é réng 7,5-8,8/105-150 (ppm) cua Cu(ll)-BECT
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Cu—Thiosemicarbazone-DMSO-HMBC
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Hinh p34.9. Phé HMBC mg¢ réng 7,4-7,7/100-150 (ppm) cuia Cu(ll)-BECT
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Cu—Thiosemicarbazone-DMSO-HMBC
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Hinh p34.10. Phé HMBC mé réng 7,9-8,2/100-150 (ppm) ciia Cu(l1)-BECT
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Cu—Thiosemicarbazone-DMSO-HMBC
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Hinh p34.11. Phé HMBC mé réng 8,3-8,9/100-150 (ppm) cuia Cu(l1)-BECT
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Cu—Thiosemicarbazone-DMSO-HMBC
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Hinh p34.12. Phé HMBC m¢é réng 8,4-8,85/117-131 (ppm) cua Cu(ll)-BECT
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Bang p34. Tong hop két qud phé HSQC va HMBC cuia phirc Cu(l1)-BECT

Vi tri cua cac Ly thuyét Pac tinh HSQC HMBC
nguyén tir o1, (ppm) | &c, (ppm) miii oH. (ppm); J, (Hz) | 8¢, (ppm); 125, (MHz) (H— Q)

1 8,69 1211 CH 8,29; s; 1H 121,2 Cz, Cs Ci1, Cr2
2 - 124,4 C bac bén - 124,7 -
3 7,65 112,8 CH 7,63; m; 1H 111,3 C2,Cs,Cis
4 7,79 126,1 CH 8,03; d; 8,5 Hz; 1H 125,8 Cs, Cu Cn2
5 7,36 110,2 CH 7,7;d; 8,5Hz; 1H 109,6 Cs,Co, Cr
6 7,42 124,7 CH 7,62; m; 1H 128,3 C7,Cs, Cio
7 - 1225 C bac bén - 123,9 -
8 8,05 126,0 CH 8,41;s; 1H 122,9 Cs, C7,Cu1
9 - 103,3 C bac bén - 111,4 -
10 - 128,4 C bac bbn - 128,9 -
11 - 151,8 C bac bén - 138,6 -
12 - 154,2 C bac bbn - 141,00 -
13 4,53 40,3 CH: 4,47; q; 6,5 Hz; 2H 37,2 Cus, C10, C12
14 1,37 14,6 CHs 1,31;t, 7,0 Hz; 3H 13,5 Cus
15 8,49 149,4 CH=N 8,68;s; 1H 146,4 C1,C2,Cs
16 157,9 C bac bén - 191,5 -
17 9,14 - NH. 8,52; s; 1H - Cis
17 9,14 - NH2 8,70; s; 1H - Cis
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Phu luc 35. Phé HR-MS ciia Cu(l1)-BECT

Display Report
Analysis info Acquisition Date  10/6/2018 7.07 56 PM
Analysss Name  D\Datatthang 10\PHUC Cu THIOSEMICABAZONE OLD d
Method drmm.m Operator ANH MAI
Sample Name  PHUC Cu THIOSEMICABAZONE OLD Instrurmeant micrOTOF-Q 10187
Commaent
Acquisition Parameter
Source Type ES| lon Polarty Positive Set Nebulzer 12 Bar
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Hinh 35. Phé HS-MR cia Cu(l1)-BECT
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Phu luc 36. Phé FT-IR ciia Zn(11)-BECT

Transmittance [%]
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D:\IR HKII 18-19\2\PHUC ZnAc.0 PHUC zn Ac PHUC ZnAc 20/12/2018

Page 1/1

Hinh 36. Phé FT-IR cia Zn(I1)-BECT
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Phu luc 37. Pho 'H-NMR va két qua phan tich ciaa Zn(I1)-BECT

Zn—=Thiosemicarbazone-DMSO~-1H
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Hinh p37.1. Phé 'H-NMR ddy di cua Zn(11)-BECT
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Zn—=Thiosemicarbazone-DMSO~-1H
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L

Hinh p37.2. Phé 'H-NMR m¢ réng (7,5-8,9ppm) cua Zn(11)-BECT
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Zn—Thiosemicarbazone-DMSO-1H
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Phé 'H-NMR mé réng (0,9-4,6ppm) cuia Zn(11)-BECT
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Zn—Thiosemicarbazone-DMSO&D20-1
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Hinh p37.4. Phé 'H-NMR ldc D20 day dii cia Zn(I1)-BECT
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Zn—Thiosemicarbazone-DMSO&D20-1H

1 0ok
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Hinh p37.5. Phé 'H-NMR ldc D20 mé réng (7,3-9,1ppm) cua Zn(11)-BECT
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Zn—Thiosemicarbazone—DMSO&D20O-1H
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Hinh p37.6. Phé H-NMR ldc D20 mé réng (0,5-4,8ppm) ciza Zn(11)-BECT
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N 7.36

7.42

8.69 8.05
Br

Hinh p37.7. So dé Vi tri cde dinh nguyén ti va pho Iy thuyét 'H-NMR cua Zn(11)-BECT
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Bang p37. Tang hop két qud phan tich pho *H-NMR cua Zn(11)-BECT

Vi tri cac

&, (Ppm)

STT | dinh nguyén N Dictinh |4 ) $6 H Kiéu H
tir Pho ly thuyet | Pho nghiém mui

1 14 1,37 1,30 t 7,3 3 CHs
2 13 4,53 4,44 q 6,7 2 CH:
3 CH ctia vong thom
4 8,69: 7.65: 7,58-7,67 m . 3 CH cua vong thom
3) 1.3.4.56.8| 779 805 CH cua vong thom
6 7.42:7.36 7,96 d 8,5 1 CH cuia vong thom
7 8,45 S - 1 CH cua vong thom
8 8,65 S - 1 CH cua vong thom
9 15 8,49 8,23 S - 1 H cua CH=N
10 17 9,14 7,99 S - 1 NH Cua NH>
11 17 9,14 8,23 S - 1 NH Cua NHz
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Phu luc 38. Pho 'C-NMR va két qua phan tich cia Zn(11)-BECT

Zn=Thiosemicarbazone~=DMSO~-13C

L el JJHL h L

Hinh p38.1. Phé 'C-NMR day dii ciia Zn(11)-BECT
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Zn—Thiosemicarbazone-DMSO-13C

Hinh p38.2. Phé 1C-NMR mé réng (107-148ppm) ciia Zn(11)-BECT
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Zn—Thiosemicarbazone-DMSO—-13C&DEPT
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Hinh p38.3. Phé 'C-NMR: DEPT ddy dui cua Zn(11)-BECT
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Zn=Thiosemicarbazone~=DMSO-13C&DEPT
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Hinh p38.4. Phé 'C-NMR: DEPT m¢ réng (105-150ppm) cua Zn(I1)-BECT
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ﬁ40.3
1579 NH N
126.1 154.2
126 0 1494 \/ 128.4
Br 1225 12%.1124.4 15 112.8
033 15
124.7 6 3 ' Br
112.8 N/ 149.4
NT 12 4 /\157.9
1102 1284 1542 1261  H,N
13k

40.3 14 14.6

110.2

Hinh p38.5. So do Vi tri cdc dinh nguyén ti va phé Iy thuyét 3C-NMR cia Zn(11)-BECT
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Bang p38. Tang hop két quda phan tich pha ly thuyét va pho nghiém 3C-NMR két hop véi
phé DEPT 90, DEPT 135 va CPD cua phitc Zn(11)-BECT

ST Mt gt | Puongrign | e Corvon | DI CD the
1 14 14,6 13,7 CHs +
2 13 40,3 37,4 CH> -
3 109,7 CH +
4 111,6 CH +
5 34568 121,1; 112,8; 126,1; 1207 CH +
6 110,2; 124,7; 126,0 123,2 CH
7 125,7 CH
8 128,5 CH
9 111,4 C bac bbn
10 121,5 C bac bbn
11 27 910,11 12 124,4; 122,5; 103,3; 124,2 C bac bén
12 128,4; 151,8; 154,2 124 4 C bac bén
13 138,0 C bac bbn

14 140,9 C bac bbn
15 15 149,4 143,8 CH, CH=N +
16 16 157,9 177,0 C béc bdn, C-S

240



Phu luc 39. Pho HSQC va HMBC va két qua phan tich
caa Zn(11)-BECT

Zn—=Thiosemicarbazone-DMSO-HSQC

1 |
]’ !. .'.' I'l._.'J

Il

Hinh p39.1 Phé HSQC day dii ciia Zn(11)-BECT
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Zn—Thiosemicarbazone—DMSO-HSQC
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Hinh p39.2. Phé HSQC mé réng 7,5-9,5/105-150 (ppm) cua Zn(I1)-BECT
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Zn—Thiosemicarbazone-DMSO-HSQC
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Hinh p39.3. Phé HSQC mé réng 7,5-7,75/107-130 (ppm) cia Zn(11)-BECT
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Zn—Thiosemicarbazone—DMSO-HSQC
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Hinh p39.4. Phé HSQC mé réng 7,55-7,70/107-115 (ppm) cua Zn(11)-BECT
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Zn—Thiosemicarbazone-DMSO-HSQC

Hinh p39.5. Phé HSQC mé réng 7,5-7,66/125-130 (ppm) cua Zn(11)-BECT
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Zn—Thiosemicarbazone-DMSO-HSQC

Hinh p39.6. Phé HSQC m¢ réng 7,54-7,70/145-147 (ppm) cua Zn(11)-BECT
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Zn—Thiosemicarbazone—-DMSO-HSQC

Hinh p39.7. Phé HSQC m¢é réng 9,60-9,85/123-130 (ppm) cua Zn(11)-BECT
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Zn—Thiosemicarbazone—DMSO-HSQC
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Hinh p39.8. Phé HSQC m¢é réng 7,90-8,80/119-132 (ppm) cia Zn(11)-BECT
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Zn—Thiosemicarbazone—-DMSO-HSQC

| /N { ‘\ [
_,_J.,__,_./ FNWL L WY _JL_ -

10
| 0
NCEEEE—
15
E |
- —
} |
| L
bt
3 ¥ i
— o
} g 2
i F
r
1 30
35
H
—
= ;
45
50
] T T T T
1,5 4.0 3.5 3,0 2.5 2.0 1.5 1.0 ppm

Hinh p39.9. Phé HSQC m¢ réng 1,0-5,0/10-50 (ppm) cia Zn(I1)-BECT
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Zn—Thiosemicarbazone—-DMSO-HMBC
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Hinh p39.10. Phé HMBC day dii cua Zn(11)-BECT
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Zn—Thiosemicarbazone-DMSO-HMBC
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Hinh p39.11. Phé HMBC mé réng 5,0-10,0/100-155 (ppm) cia Zn(11)-BECT
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Zn—Thiosemicarbazone-DMSO-HMBC
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Hinh p39.12. Phé HMBC m¢é réng 4,0-4,7/135-144 (ppm) cua Zn(11)-BECT
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Zn—Thiosemicarbazone-DMSO-HMBC
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Hinh p39.13. Phé HMBC m¢é réng 7,2-9,0/107-114 (ppm) cua Zn(11)-BECT
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Zn—Thiosemicarbazone-DMSO-HMBC
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Hinh p39.14. Phé HMBC mé réng 7,4-7,9/109-113 (ppm) cuia Zn(11)-BECT
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Zn—Thiosemicarbazone-DMSO-HMBC
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Hinh p39.15. Phé HMBC m¢é réng 7,5-10/118-133 (ppm) cia Zn(11)-BECT
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Zn—Thiosemicarbazone-DMSO-HMBC
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Hinh p39.16. Phé HMBC mé réng 7,5-8,8/119-129 (ppm) cua Zn(11)-BECT
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Zn—Thiosemicarbazone-DMSO-HMBC
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Hinh p39.17. Phé HMBC m¢é réng 7,50-7,80/119-127 (ppm) cia Zn(11)-BECT
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Zn—Thiosemicarbazone-DMSO-HMBC
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Hinh p39.18. Phé HMBC m¢é réng 7,5-8,80/136-147 (ppm) cua Zn(11)-BECT
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Zn—Thiosemicarbazone—-DMSO-HMBC
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Hinh p39.19. Phé HMBC m¢ réng 1,0-4,5/5,0-60 (ppm) cuia Zn(11)-BECT
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Bang p39. Tong hop két qua phé HSQC va HMBC cua phirc Zn(11)-BECT

Vi tri céc Ly thuyét Dic tinh HSQC HMBC
nguyén tir | 5, (ppm) | &c, (ppm) miii o1, (ppm), J, (Hz) dc, (ppm) H—-C
1 8,69 121,1 CH 8,65; s; 1H 120,7 Cs, C2, C3,C11,Ci2
2 - 1244 C bac bbn - 124,2 -
3 7,65 112,8 CH 7,67; m; 1H 128,5 Cz2,Cs4,Cis
4 7,79 126,1 CH 7,96; d;J=8,5; 1H 125,7 Cs, C11 Ci2
5 7,36 110,2 CH 7,58, m; 1H 109,7 Cs, Co, C7
6 7,42 124,7 CH 7,60; m; 1H 111,6 C7,Cs, Cuwo
7 - 122,5 C bac bbn - 121,5
8 8,05 126,0 CH 8,45; s; 1H 123,2 Co, C7,Cn
9 - 103,3 C bac bén - 111,4 -
10 - 128,4 C bac bdn - 1244 -
11 - 151,8 C bac bén - 138,8 -
12 - 154,2 C bac bbn - 140,9 -
13 4,53 40,3 CH: 4,44; q;J =6,9 Hz; 2H 37,4 Cu4, C10, C12
14 1,29 14,6 CHs 1,30; t; 7,0 Hz; 3H 13,7 Cis
15 8,49 149,4 CH=N 8,23;s 143,8 C1, Cz2, Cs4, C3
16 - 157,9 C bac bén - 177,0 -
17 9,14 - NH2 7,99;s; 1H - Cis
17 9,14 - NH2 8,23;s; 1H - Cis
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Phu luc 40. Pho HR-MS cia Zn(11)-BECT

Analysis Info

Analysis Name D \Data\2018%hang 12\cot dai\04\Zn-ThiO_1-F.7_01_447.d
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Phu luc 41. Két qua khao sat cdng thirc phirc chat
Cd(11)/Ni(11)-BEPT

Quy trinh thyc hién (hinh 2.17)

Phan 1. Khao sat thim do su tao thanh phic

Tién hanh tham do phan wng tao phic caa ion kim loai NiZ* va Cd?* véi ligand
(BEPT) bang céach cho cuing thé tich (10ml) va nong do ca hai bang nhau (10ppm),
ligand duoc hoa tan trong DMSO/H,0 (80/20). Theo d6i sy tao thanh phirc thdng

qua mau sic caa hé phan tng.

Hinh p41.1. Mau cua phizc van giit sau 120 pht

Phan 2. Khao sat Amax
Bang p41.1. Sé liéu thuc nghiém khdo sdat buéc song BEPT va phize tirong g

Binh s6 1, blank 2 3
Chuan Cd%/Ni* 50ppm (mL) 0 3 5
KNOs 0,1M (mL) 2 2
pH 9 (KOH 0,1M)
BEPT 50ppm (mL) 10
Pinh muic dén vach 25mL bang dung dich DMSO/H;0. Lac déu, dé yén 10
phut sau d6 dem di quét budc song tir 200 — 600 nm
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. over
@ 7~
Hinh p41.2. Khdo sat buoc song; a) Phirc Ni(1l)-BEPT; b) Phirc Cd(11)-BEPT

Phan 3. Khao sat pH
Bang p41.2. Sé liéu thuc nghiém khao sat pH ciia BEPT

Binh s 1, blank 2 3
Chuan Cd?*/Ni%* 50ppm (mL) 0 3
KNO3 0,1M (mL) 2 2 2
pH 6 -11 (HCI/KOH 0,1M)
BEPT 50ppm (mL) 10

Dinh muc dén vach 25mL bang dung dich DMSO/H0. Lic déu, dé yén 10 phut

sau do dem di quét budc song tir 200 — 600 nm

b —a
Hinh p41.4. Khdo sat pH ciia phite Cd(II)-BEPT (a) va Ni(11)-BEPT (b)
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Bang p41.3. Két qua khdo sat pH cia phirc Cd(11)-BEPT

pH 6 7 8 9 10 11
A-3ml | 0,34199 | 0,40568 | 0,48943 | 0,50595 | 0,50588 | 0,50523
A-5ml | 0,41339 | 0,41039 | 0,587314 | 0,60714 | 0,60706 | 0,60628

Bang p41.4. Két qua khao sat pH cua phitc Ni(11)-BEPT
pH 6 7 8 9 10 11
A-3ml | 0,57093 | 0,59836 | 0,62728 | 0,63089 | 0,63078 | 0,63047
A-5ml | 0,67138 | 0,72035 | 0,75273 | 0,75708 | 0,75706 | 0,75693

Phan 4. Khao sat luc ion

Bang p41.5. So liéu thuc nghiém khao sét lic ion cia BEPT

Binh s6

1, blank 2
Chuan Cd%/Ni?* 50ppm (mL) 0 3 5
KNO3 1M (mL) 0,001-0,50M
pH 9 (KOH 0,1M)
BEPT 50ppm (mL) 10

sau do dem di1 quét budc song tir 200 — 600 nm

Dinh muc dén vach 25mL bang dung dich DMSO/H0. Lic déu, dé yén 10 phut

Hinh p41.5. Khdo sat luc ion cua Ni(l1)-BEPT

Bang p41.6. Két qud khao sat liec ion cia phirc Cd(11)-BEPT va Ni(11)-BEPT

- Nong do A, Cd(11)-BEPT A, Ni(11)-BEPT
KNOs (M) 3mL 5mL 3mL 5mL
1 0,001 0,34236 0,58731 | 0,59439 | 0,60439
2 0,005 0,46516 0,60628 | 0,62154 | 0,71154
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3 0,010 0,506025 0,60747 | 0,63019 | 0,75839
4 0,025 0,48365 0,55848 | 0,58440 | 0,71440
5 0,050 0,43362 0,50314 | 0,52182 | 0,63496
6 0,075 0,35854 0,45905 | 0,47555 | 0,61555
7 0,100 0,35762 0,42352 | 0,44408 | 0,60407
8 0,250 0,35879 0,41033 | 0,43368 | 0,59368
9 0,50 0,34236 0,39568 | 0,41217 | 0,57754

Phan 5. Khao sat nong do BEPT
Bang p41.7. Sé liéu thirc nghiém khao séat nong dé BEPT

Binh Lo T1l2l3lals|6|7]8]9l10]11]12]13
blank
Chuan Cd?*/Ni?* 0 3mL (thyc hién tuong tu v6i SmL)
50ppm(mL)
KNOs 0,1M 2
(mL)
pH 9 (KOH 0,1M)
?nEE;SOppm 5 |3|4l5|6|7|8]9]10/11]12]|13]|14]15

Pinh muc dén vach 25mL bang dung dich DMSO/H:0. ’Léc déu, dé yén 10
phut sau do quét bude soéng ¢ bude song toi uu.

Hinh p41.6. Khdo sat nong dé thuoc thiz cho phitc Ni(11)-BEPT

Bang p41.8. Két qud khao sat nong dé BEPT qua phitc Cd(11)/Ni(11)-BEPT

Cd(11)-BEPT Ni(11)-BEPT
BEPT,
STT | pm A3mL | A5mL | A3mL | A 5mL
(6ppm) | (10ppm) | (6ppm) | (10ppm)
1 6 021570 | 0,25884 | 0,37981 | 0,459662
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2 8 0,31253 0,37504 | 0,409652 | 0,50880
3 10 0,36610 0,43932 | 0,470558 | 0,57091
4 12 0,39818 0,47781 | 0,518303 | 0,62703
5 14 0,43195 0,51834 | 0,577033 | 0,68665
6 16 0,44993 0,53991 | 0,607744 | 0,70844
7 18 0,45586 0,54703 | 0,629775 | 0,75294
8 20 0,50656 0,60688 0,63249 0,75788
9 22 0,50701 0,60801 | 0,638508 | 0,75787
10 24 0,50641 0,60999 0,63799 0,75888
11 26 0,50764 0,60775 0,63779 0,75799
12 28 0,50832 0,60691 0,63807 0,75793
13 30 0,50836 0,60689 0,63911 0,75799

Phan 6. Khao sat thoi gian bén ciaa phic

Tién hanh phan @ng tao phtc cua ion kim loai Cd2*/Ni?* voi BEPT theo céc

thong s6 t6i wu trén va lugng chat twong tu nhu trén. Po do hap thu quang ¢ budc

s6ng Amax Sau khoang thoi gian: 0, 10, ..., 150 phat. Dya vao két qua thuc nghiém vé

d6 thi biéu dién sy phu thudc cua do hap thy quang vao thoi gian.

Bang p41.9. Sé liéu thuc nghiém khao sat thoi gian bén mau cuia phitc
Cd(11)-BEPT va Ni(11)-BEPT

Binh s6 1, blank 2 3
Chuan Cd%*/Ni?* 50ppm (mL) 0 3 5
KNO3 0,1M (mL) 2
pH 9 (KOH 0,1M)
Thot gian (phut) 5-90
BEPT 50ppm (mL) 10 10 10

Pinh muic dén vach 25mL bang dung dich DMSO/H;0. Lac déu, dé yén 10
phut sau d6 dem di quét bude soéng tir 200 — 600 nm
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Bang p41.10. Két qud khdo sat thoi gian bén mau cia Cd(I11)/Ni(11)-BEPT

(@)

(b)
Hinh p41.7. Khdo sat thoi gian ben mau; a) BEPT; b) Ni(1)-BEPT; ¢) Cd(lI)-
BEPT

Cd(11)-BEPT Ni(1)-BEPT
STT | t(phut) | A, 3mL A, 5mL A, 3mL A, 5mL
(6ppm) | (10ppm) | (6ppm) (10ppm)

1 5 0,45204 0,51179 | 0,598037 0,698237
2 10 0,50482 0,55985 | 0,613875 0,73665
3 15 0,50659 0,60590 | 0,638572 0,766286
4 20 0,50691 0,60607 | 0,638581 0,766098
5 25 0,50699 0,60759 | 0,638479 0,766174
6 30 0,50791 0,60909 | 0,630399 0,763872
7 35 0,50860 0,60920 | 0,637993 0,765209
8 40 0,50761 0,60865 | 0,638056 0,758767
9 45 0,50959 0,60911 | 0,638274 0,766803
10 50 0,50958 0,60899 | 0,637293 0,765711
11 55 0,50864 0,60947 | 0,638296 0,765148
12 60 0,50659 0,60911 | 0,637906 0,765287
13 65 0,50450 0,58024 | 0,637898 0,764882
14 70 0,50390 0,54709 | 0,633092 0,758021
15 80 0,50219 0,54910 | 0,606352 0,733028
16 90 0,50025 0,53998 | 0,563675 0,689056
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Phan 7. Khao sat céng thirc phitc

Phwong phap Job

BEPT

lon kim loai
Amax

pH

Luc ion

Hé dung moi

Hinh p41.8. Khdo sdt phuwong phap Job phirc Ni(11)-BEPT

V mL, 50ppm;

V’ mL, 50ppm;

Két qua khao sat;

9 (KOH 0,1M):

KNOs3 0,1M;
DMSO/H,0 = 80/20 (V).

Bang p41.11. Két qua khao sét cong thizc phizc Cd(11)-BEPT va Ni(11)-BEPT

theo phwong phap Job

STT Thé tich Thé_tu'ch Tylémol | A Cd(ID- | A, Ni(ll)-

BEPT (mL) | Cd**/Ni?* (mL) | M/(M+L) BEPT BEPT
1 20 0 0 0,098371 | 0,065836
2 18 2 0,1 0,301125 | 0,255421
3 16 4 0,2 0,560863 | 0,614767
4 14 6 0,3 0,623447 | 0,874032
5 12 8 0,4 0,541668 | 0,584735
6 10 10 0,5 0,464515 | 0,470868
7 8 12 0,6 0,372896 | 0,322764
8 6 14 0,7 0,209671 | 0,254077
9 4 16 0,8 0,129455 | 0,136798

10 2 18 0,9 0,059942 | 0,07545
11 0 20 1,0 0,000326 | 0,000211
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Phwong phap ty 1€ mol
BEPT V mL, 50ppm;
lon kim loai 5mL, 50ppm;

Amax Két qua khao sat;
pH KOH 0,1M;
Luc ion KNO3 0,1M;

Ha dung mdi  DMSO/H:20 = 80/20 (V).

?__‘_f;’c"‘—;”““ W s g =

Hinh p41.9. Khao sat phuong phap ty 1é¢ mol phic Ni(l11)-BEPT

Bang p41.12. Két qua khao sat cong thizc phizc Cd(11)-BEPT va Ni(I)-BEPT
theo phwong phap ty 1¢ mol

STT Thé tich Tylémol | A, Cd(ll)- A, Ni(11)-
BEPT, mL L/M BEPT BEPT
1 0,25 0,05 0,000427 0,000583
2 0,75 0,15 0,001862 0,059228
3 1,25 0,25 0,007323 0,105936
4 2,0 0,4 0,095622 0,177802
5 2,5 0,5 0,119801 0,248056
6 5,0 1,0 0,189304 0,415077
7 7,5 1,5 0,276452 0,581831
8 10 2,0 0,558926 0,756203
9 12,5 2,5 0,557931 0,755887
10 15 3,0 0,557108 0,756115
11 17,5 3,5 0,558353 0,755904

269



Phu luc 42. Két qua khao sat cdng thirc phirc chat
Cu(11)/Zn(11)-BECT

Quy trinh thuc hién (hinh 2.17)

Phan 1. Khao sat thim do su tao thanh phic

Tién hanh thim do phan Gng tao phic cua ion kim loai Cu?* va Zn?* véi
BECT biang cach cho cuing thé tich (10ml) va néng do ca hai bang nhau (10ppm),
ligand duoc hoa tan trong DMF/H0 (80/20). Theo ddi su tao thanh phuc thong qua
mau sic caa hé phan tng.

R

Hinh p42.1. Mau cia phic van giir sau 120 phut

Phan 2. Khao sat Amax

Bang p42.1. Sé liéu thuc nghiém khdo sdt buéc séng BECT va phite fuong 1ng

Binh s6 1, blank 2 3
Chuan Cu?*/Zn%* 50ppm (mL) 0 2/1,5 3/2,5
KNOs 0,1M (mL) 2,5 2,5 2,5
pH 8 (KOH 0,1M)
BECT 50ppm (mL) 8 8 8
Dinh muc dén vach 25mL bang dung dich DMFE/H,0. Léc déu, dé yén 10 phit
sau do dem di quét budce song tir 200 — 600 nm
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Phan 3. Khao sat pH

Bang p42.2. Sé liéu thuc nghiém khao sat pH ciia BECT

(b)
Hinh p42.2. Khao sat buoc séng; a) Phirc Cu(l1)-BECT; b) Phuc Zn(11)-BECT

Binh s 1, blank 2 3
Chuan Cu®*/Zn?* 50ppm (mL) 0 2/1,5 3/2,5
KNO; 0,1M (mL) 2,5 2,5 2,5
pH 6-11 (KOH 0,1M)
BECT 50ppm (mL) 8 8 8

Dinh mirc dén vach 25mL bang dung dich DMF/H0. Lac déu, dé yén 10 phut

sau do dem di quét budc song tir 200 — 600 nm

(a)
Hinh p42.3. Khdo sat pH ciia phite Cu(I)-BECT (a) va Zn(11)-BECT (b)

Bang p42.3. Két qua khao séat pH cia phizc Cu(l1)-BECT

(b)

pH 6 7 8 9 10 11
A-2ml | 0,51113 | 0,65318 | 0,72109 | 0,70712 | 0,70671 | 0,68762
A-3ml | 0,58673 | 0,67901 | 0,841134 | 0,78892 | 0,76562 | 0,68902
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Bang p42.4. Két qud khdo sat pH cua phirc Zn(11)-BECT

pH 6 7 8 9 10 11
A-15ml | 0,39574 | 0,45631 | 0,50223 | 0,49695 | 0,49142 | 0,47812
A-25ml | 0,51309 | 0,59823 | 0,61827 | 0,61224 | 0,60918 | 0,59811

Phan 4. Khao sat luc ion
Bang p42.5. Sé liéu thuec nghiém khdo sat luc ion cia BECT
Binh s6 1, blank 2 3
Chuan Cu?*/Zn?* 50ppm (mL) 0 2/1,5 3/2,5
KNO3 1M (mL) 0,001-0,250M
pH 8 (KOH 0,1M)
BECT 50ppm (mL) 8 8 8
Dinh mutrc dén vach 25mL bang dung dich DMF/H,0. Léac déu, dé yén 10 phat
sau d6 dem di quét budc song tir 200 — 600 nm

Bang p42.6. Két qua khdo sat liec ion cia phizc Cu(ll)-BECT

L A, Cu(I)-BECT A, Zn(11)-BECT
v | st
4ppm 6ppm 3ppm 5ppm
1 0,001 0,563383 0,652869 | 0,365132 | 0,460827
2 0,005 0,680533 0,760019 | 0,482282 | 0,567977
3 0,010 0,721383 0,841869 | 0,502313 | 0,619827
4 0,025 0,703393 0,762879 | 0,505142 | 0,570837
5 0,050 0,650813 0,663439 | 0452562 | 0,471397
6 0,075 0,574543 0,664029 | 0,376292 | 0,471987
7 0,100 0,573073 0,662549 | 0,374822 | 0,470507
8 0,250 0,572673 0,662159 | 0,374422 | 0,470117
9 0,500 0,561163 0,626019 | 0,362912 | 0,433977

272



Phan 5. Khao sat nong d¢ BECT

Bang p42.7. Sé liéu thuc nghiém khdo sat nong dg BECT

Binh 1’12345678910111213
blank
Chuén Cu?*/Zn?* 0 2/1,5mL (thyc hién twong ty voi 3/2,5mL)
50ppm(mL)
KNO3 0,1M (mL) 2,5
oH 8 (KOH 0,1M)
?mEISTSOppm 5 |3|4|5|6|7|8|9]10[11|12]13|14]15

Pinh muc dén vach 25mL bﬁng dung dich DMF/H>O0. Léc déu, dé yén 10 phut sau
dé quét bude song & bude song o1 vu.

Bang p42.8. Két qua khao séat nong dé BECT qua phizc Cd(11)/Ni(11)-BECT

Cu(l1)-BECT Zn(11)-BECT
STT | BECT,mL | A, 2mL A3mL | A 15mL | A 2,5mL
(4ppm) (6ppm) (3ppm) | (5ppm)
1 3 0,267935 0,378675 | 0,302834 | 0,432464
2 4 0,398735 0,539866 | 0,356864 | 0,487742
3 5 0,518265 0,655746 | 0,408264 | 0,518345
4 6 0,597255 0,77554 | 0,445627 | 0,578274
5 7 0,677256 0,818434 | 0,500234 | 0,608234
6 8 0,723245 0,842645 | 0,50183 | 0,621245
7 9 0,724835 0,849876 | 0,501084 | 0,620234
8 10 0,725032 0,845245 | 0,51009 | 0,630001
9 11 0,722243 0,847656 | 0,520873 | 0,638922
10 12 0,721243 0,840008 | 0,511283 | 0,638734
11 13 0,726278 084576 | 0,507243 | 0,639847

Phan 6. Khao sat thoi gian bén cia phiic

Tién hanh phan tng tao phic cua ion kim loai Cu?*/Zn?* véi BECT theo cac

thong s6 téi wu trén va luong chat twong tu nhu trén. Po do hap thy quang ¢ budc
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s6ng Amax sau khoang thoi gian: 0, 10, ..., 150 phat. Dua vao két qua thuc nghiém vé

dd thi biéu di&n su phu thudc caa do hap thu quang vao thoi gian.

Bang p42.9. Sé liéu thuc nghiém khdo sat thoi gian bén mau cua phirc
Cu(11)-BECT va Zn(11)-BECT

Binh s6 1, blank 2 3
Chuén Cu?*/Zn?* 50ppm (mL) 0 2/1,5 3/2,5
KNOs 0,1M (mL) 2,5
pH 8 (KOH 0,1M)
Thoi gian (phut) 5-90
BECT 50ppm (mL) 8 8 8

Dinh muc dén vach 25mL bang dung dich DMF/H,0. Lac déu, dé yén 10 phit
sau d6 dem di quét budc song tir 200 — 600 nm

Bang p42.10. Két qua khdo sét thei gian bén mau Cu(11)-BECT va Zn(11)-BECT

Cu(l1)-BECT Zn(I1)-BECT
STT |t(phat) | A 2mL | A 3mL | A 15mL | A, 2,5mL

(4ppm) (6ppm) (3ppm) (5ppm)
1 5 068786 | 0,78775 | 0,46274 0,55553
2 10 0,71872 | 0,83807 | 0,47545 0,58191
3 15 072152 | 0,84126 | 0,50808 0,62347
4 20 0,72106 | 0,84257 | 0,50743 0,63235
5 25 0,72609 | 0,84500 | 0,50645 0,63012
6 30 0,72963 0,8500 0,51007 0,63196
7 35 0,72985 | 0,84990 | 0,51064 0,63040
8 40 0,72898 | 0,84965 | 0,50164 0,62642
9 45 0,72889 | 0,84798 | 048713 0,60264
10 50 0,724662 | 0,84813 | 0,46843 0,58845
11 55 071382 | 0,83753 | 0,45872 0,56104
12 60 071718 | 0,83872 | 0,42688 0,54532
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Phan 7. Khao sat céng thirc phitc

Phwong phap Job
BECT V mL, 50ppm;
lon kim loai V’ mL, 50ppm;
Amax Két qua khao sat;
pH 8 (KOH 0,1M);
Luc ion KNO3 0,01M;
H¢ dung moi DMF/H-0 = 80/20 (V).

O

Hinh p42.5. Khdo sdt phuong phap Job phirc Zn(11)-BECT

Bang p42.11. Két qud khdo sat céng thizc phizc Cu(11)-BEPT va Zn(11)-BECT

theo phwong phap Job
STT Thé tich Thé tich Ty lémol | A Cu(lD- | A, Zn(11)-
BECT (mL) | Cu%/zZn?*(mL) | M/(M+L) BECT BECT
1 20 0 0 0,140132 | 0,053863
18 2 0,1 0,501235 | 0,376411
3 16 4 0,2 0,732413 | 0,509754
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4 14 6 0,3 0,843641 | 0,780987
5 12 0,4 0,698068 | 0,612448
6 10 10 0,5 0,512607 | 0,507413
7 8 12 0,6 0,40997 0,401335
8 6 14 0,7 0,380863 | 0,209731
9 4 16 0,8 0,246554 | 0,123207
10 2 18 0,9 0,121209 | 0,097645
11 0 20 1,0 0,007543 | 0,008642
Phwong phap ty 1€ mol

BECT VmL, 50ppm;

lon kim loai SmL, 50ppm;

Amax Két qua khao sat;

pH 8 (KOH 0,1M);

Luc ion KNO3 0,01M;

Hé dung moi DMF/H20 = 80/20 (V).

-~

Hinh p42.7. Khdo sat phuwong phap ty 1é¢ mol phizc Zn(11)-BECT
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Bang p42.12. Két qud khdo sat cong thizc phizc Cu(11)-BECT va Zn(11)-BECT

theo phwong phap ty 1¢ mol

77 | Thétich BECT, | Ty lgmol | A Cu(l)- | A, Zn(ll)-
mL L/M BECT BECT
1 0,25 0,05 0,01223 0,079753
2 0,75 0,15 0,045352 0,095464
3 1,25 0,25 0,099273 0,100213
4 2,0 0,4 0,110293 0,156087
5 2,5 0,5 0,20103 0,210871
6 5,0 1,0 0,30214 0,30986
7 75 15 0,509245 0,412432
8 10 2,0 0,659242 0,589608
9 12,5 2,5 0,640663 0,573325
10 15 3,0 0,639245 0,580778
11 17,5 35 0,640425 0,579864
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Phu luc 43. Két qua tinh toan hang sé bén

M T, |

Hinh p43.3. Hién th; cac két qua tinh phezc cia Cu(ll)-BECT
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- mn

Hinh p43.4. Hién th; céc két qua tinh phitc cia Zn(11)-BECT

Bang p43. So sanh gia tri logfi, thirc nghiém ciia mét sé phaic véi két qua cac phire

tzr nghién cuzu trong lugn an

STT | Ligand R4 Kim loai log, | Tailiéu
1 | tsc_fc2 | : Ni(I1) 8,980 [77]
2 | tsc fe3 @ Ni(11) 11,441 [27]
\O
3 | tsc_fel5 ij Ni(I1) 15,700 [50]
4 | tsc_fc42 Ni(I1) 14,370 [127]
]
5 | tsc_fc56 & Ni(I) 14,304 [128]
6 BEPT J@EQ Ni(I1) 11,140 | Ludné
| , uan an
7 | tsc_fe25 [ ] cd(ll) 5,510 [152]
]
8 | tsc_fc56 & cd(n) 11,384 [128]
H.
9 | tsc_fc58 o \@ cd(l) 17,550 [131]
D
10 | BEPT cd(l) 11,800 | Ludnén
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11 | tsc fc3 \O cu(in 10,773 [115]
12 | tsc_fc26 ) cu(ll) 8,5773 [21]
~ -
13 tsc_fcl5 @/ Cu(ln 17,050 [50]
14 | tsc_fc42 Cu(ll) 15,310 [127]
/
15 | tsc_fc56 & cu(ll) 14,853 [128]
C
16 BECT cu(ll) 11,730 Lu4n 4n
17 | tsc_fc2 | : Zn(Il) 8,890 [107]
18 tsc_fc42 Zn(I1) 12,700 [127]
/
19 | tsc_fc56 Cl% Zn(11) 12,591 [128]
L
20 BECT Zn(Il) 10,390 Lu4n 4n
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