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ABSTRACT

Penta-graphene nanoribbons (PGNRs), an one-dimensional (1D) narrow
strip of penta-graphene (PG) hold great potential for applications in
sensors. In this paper, the adsorption behaviors of CO, CO, and NH3 on
the edge of the N-doped Sawtooth Penta-Graphene Nanoribbons
(N:SSPGNRs) are investigated by calculating the adsorption energy,
charge transfer, adsorption distance, electron density difference, density
of states, and partial density of states from first principles method. It was
found that the adsorption of CO and CO, on N:SSPGNR edge shows
chemical adsorption, meanwhile the adsorption of NH3; shows physical
adsorption. Our results are proposed to predict and understand the CO,
CO; and NH3 adsorpted behaviors on N:SSPGNR edge. This is to guide
experimental physicists to apply N:SSPGNRs for gas sensor development.

TOM TAT

Day nano  penta-graphene (PGNRs), mot day penta-graphene mot
chiéu (1D) ¢6 kha nang iing dung trong thiét bi cam bién. Trong bai bdo
nay, dic tinh hdp phu ciia CO, CO; NHstrén bién N:SSPGNR
duoe nghién ciru bang cdch tinh toan nang lwong hap phu, si truyén dién
tich, khodng cach hap phu, sw sai khdc mdt do dién tir, mdt do trang thdi
va mat do trang thai riéng boi phicong phdp nguyén Iy ban dau. Chiing toi
thdy rang sw hap phu phén tir khi CO va CO; trén bién N:SSPGNR thé
hién ddc tinh hdp phu héa hoc, trong khi dé N:SSPGNR hap phu NHs trén
bién thé hién ddc tinh hap phu vt Iy. Két qua nghién ciru ciia chiing toi
dwa ra dé dw doan va hiéu dac tinh hdp phu ciua CO, CO,
NHs trén N:SSPGNR. Tiwr do, giup cac nha thuc nghiém nghién
cteu phat trién PGNRs tng dung cho cam bién khi thé hé moi.

Trich ddn: Nguyén Thanh Tién, L& V5 Phuong Thudn, Nguyén Thj Pha va V& Van On, 2020. Nghién ciru
hién tuong hap phu phan tir khi trén bién day nano penta-graphene dang rang cua pha tap nitrogen.
Tap chi Khoa hoc Truong Pai hoc Can Tho. 56(3A): 29-37.

1 PAT VAN PE

Cam bién khi 1a mt van dé céc nha khoa hoc
luon quan tdm nghién ctru dé€ tng dung kiém soat
moi treong. Pat biét 1a cam bién khi doc hodc khi

gdy 6 nhiém, trong d6 phai ké dén cac cam bién cac
loai khi phd bién nhur CO, CO2, NH3. Céc cong trinh
nghién ctru cac vat liéu, dac biét la cac vat liéu co
c4u tric nano c6 kha nang hap phu céc loai khi nay
lan Tuot duge cong bd. Sy hdp phu cac loai khi nay
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trén bé mat cua vat liéu hai chidu nhu Graphene
duogc phat hién véi khoang cach hdp phu cac phan
tir khi CO, CO,, NHs tir 3.47A dén 3.81A. Cac tinh
toan vé kha nang hap phu ciia cac phén tir khi khac
trén Graphene nguyén so d lam tang su hiéu biét vé
co ché va kha ning thiét ké cac cam bién khi dua
trén Graphene (Lin et al., 2008; Liu et al., 2011).

Nham muc dich giam kich thudc caa linh kién
mot cau trac gia mot chiéu ra doi d6 1a Graphene
nanoribbons (GNRs) ¢6 tiém nang 16n cho cac ung
dung trong nhiéu loai cam bién khi do céac lién két ©
¢6 thé nhay phan ng vé6i nhiéu nguyén t6 hoa hoc
khac nhau. Cac cong trinh nghién ctru cling chi ra
rﬁ'mg cac thudc tinh dién tir cia GNRs hoan toan phu
thudc vao khi bi hap phu va sy hdp phu nay anh
huéng dang ké dén d6 dan cua GNRs (Huang et al.,
2008; Pourasl et al., 2017, 2018). Mot hudng nghién
ctru khéc, dé tang kha nang hap phu ddi véi cac phan
tir khi trén bé mat Graphene, ngui ta tién hanh pha
tap thay thé (B, N, Al, S) ¢ nhitng vi tri nhat dinh.
Céc nghién ctu chi ra rang phan 16n cac phan tir khi
hip phu manh hon nhiéu trén cic graphene pha tap
S0 V6i Graphene nguyén so. Sy tuong tic manh mé
giita cac phan tir bi hap phu va cac Graphene tao ra
nhiing thay ddi dang ké cac thudc tinh dién tir cia
graphene. Cam bién khi sir dung graphene pha tap B
cho thiy do nhay cao hon hai bac so véi graphene
nguyén so. Cong trinh nay ciing cho thiy do nhay
ctia cac cam bién khi hoa hoc dua trén graphene c6
thé duoc cai thién manh mé bang cach dua ra chét
khir hoac khuyét tat thich hop (Dai et al., 2009;
Zhang et al., 2009; Montejo-Alvaro et al., 2019;
Padilla et al., 2019).

Bén canh céu trc hai chidu dwoc pha tap thay
thé dé cai thién manh m& kha nang hap phu cac phan
tur khi, nguoi ta cling nghién ctiru pha tap 1én GNRs
dé hap phu cac phan tr khi nhu cac cong trinh
nghién ciru ddp Gmg d6 dan cua cac diy nano
graphene pha tap Fe va B dé hap phu khi
(Berdiyorov et al., 2016; Xie et al., 2016). Vi viéc
hp phu sau khi pha tap thay thé lam thay doi dang
ké d6 nhay va do dan.

Sau Graphene, Penta-Graphene (PG) mot dong
vi Carbon hai chidu méi duge kham pha gan day.
N6 la chat ban dan c6 do rong ving cim gian tiép
Vv6i ving cdm ban dau 1a 3.25¢V (Zhang et al., 2015;
Yu and Zhang, 2015). PG khong c6 cau trac phing
Iy twéng ma né 1a ciu tric vénh, cho thdy PG co
nhiéu vi tri hap phu khi tét (Zhang et al., 2015).
Nhimg dic tinh nay da khién PG trg thanh ang cir
vién tiém nang dé (g dung vao linh vuc vi dién tir.
Vi thé mot s6 cong trinh duge cong bd vé su hp phu
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cac loai khi CO, CO,, NH; trén PG (Qin et al., 2018;
Cheng et al., 2019). Céc nghién ctru nay chi rd hiéu
suét cam bién dua trén PG c6 thé s& vuot trdi hon so
véi cac cam bién dya trén vat liéu 2D khac nhu
graphene va phosphorene.

Tuong ty nhu graphene, ta co thé cit PG theo
nhitng huéng khac nhau dé c6 cic PGNRs. Trong
d6, kiéu cat theo bién ring cua (SSPGNRs) 1a loai
dang cha ¥ nhat vi n6 1a chit ban dan va duoc tién
doan 13 c4u triic bén nhat so vai cac cdu trac con lai
(Yuanetal., 2017). Sy hap phu cac phan tir khi CO,
CO,, NHjs trén bé mat cAu trac nay, xac dinh duoc
dic tinh hap phu cia chung da dugc nghién ctu boi
nhom tac gia (Mi et al., 2020). Nhém tac gia Tién
va cong su ciing da nghién ctru tinh chét van chuyén
dién tir cia SSPGNR pha tap thay thé (Si, P, N), thdy
rang cau tric ving nang luong va déc trung I-V cua
N:SSPGNR thay d6i dang ké so v6i mau nguyén so
(Tien et al., 2019).

Day la nhitng co s¢ dé chiing t6i nghién ctu hién
tuong hip phu cac phan tir khi CO, CO,, NHj3 trén
bién cua cu tric N:SSPGNR. Trong khuén khé bai
bao nay, chung t6i tap trung nghién ciru sy hap phu
lan luot cac phan tir khi CO, COz, NHs trén bién
N:SSPGNR dé tim ra cdu trac hap phu 6n dinh nhit
va chi ra sy thay dbi dic tinh dién ti, hanh vi hip
thu & bién ciia N:SSPGNR.

2 PHUONG PHAP NGHIEN CUU

Su 6n dinh cAu truc va cac dic tinh dién tu cua
cac mau N:SSPGNR hap phu CO, CO,, NH; & bién
duoc danh gia bang phuong phap nguyén ly ban dau
dua trén 1y thuyét phlem ham mat d6 DFT (Kohn
and Sham, 1965). Cau trac nghién ctru c6 do rong
sdu chudi duoc cét theo bién rang cwa. Dau tién, cac
mau di pha tap N (Tien et al., 2019), sau d6 cho hap
phu cac phan tir khi ¢ cac vi tri kha di dwoc téi wu
hoa bang cach sir dung céc tinh toan DFT trong phép
tinh gin dung gradient tong quat (GGA) cua
Perdew-Burke-Ernzerhof (PBE) (Perdew et al.,
1996) trong goi phan mém Castep dé tim dugc cac
céu trac 6n dinh. S6 k-point trong ving Brillouin
dugc chon 1a 1x1x9 lan lugt theo ba phuong x, X, z
voi nang lugng cutoff 1a 790eV va nhiét d6 dong
hoc cua hé dién tir 1a 300K. Trong qua trinh t6i wu
hoa, tiéu chi hoi tu vé lyc va ang suat ti da co gia
tri lan luot 13 0.05eV/A va 0.1Gpa.

3 KET QUA VA THAO LUAN
3.1 Swén dinh céu tric

Pau tién, chung toi can tim céu hinh hip phy 6n
dinh nhat trong cac truong hop hap phu phéan tir khi
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kha di trén bién. Dua trén dic diém ciu trL'}c cua
N:SSPGNR, chung t6i da xac dinh ba vi tri hap phu
kha di dugc mo ta trong Hinh 1.

V6i ciu triic hinh hoc cta cc phan tir khi nghién
clru, c6 hai dang dinh hué‘ng cho CO, d6 1a cac dang
CO thang dung vai dé: nguyén tr O hudng 1én trén

Tdp 56, Sé 3A (2020): 29-37

va nguyén tir O huéng xudng. C6 ba vi tri hip phu
trén bién cia N:SSPGNR, do do6 c6 tam kha ndng
hap phu cho CO duoc liét ké trong Bang 1. Twong
tu, khi N:SPGNR hap phu cac phan tir CO, va NH3
trén bién, mdi truong hop c6 muoi hai ciu hinh
tuwong tng, nhu trong Bang 1.

Béng 1: Pinh huéng hip phu ciia cac ciu tric hip phu CO, CO; va NH3 trén bién cia N:SSPGNR

CAu hinh ban dau

Chat khi ciia N'SSPGNR Huwéng hap phu Ky hiéu
H-C-PG Theo chiéu doc dén C va O hudng xuong sc1
Theo chiéu doc dén C va O hudng 1én SC2
H-N-PG Theo chiéu doc dén N va O huéng xudng SN1
co Theo Chl(?eu doc dén N va O hudng lén SN2
Theo chiéu doc dén C va O hudng xuong 2SC1
IH-PG Theo chiéu doc dén C va O huéng lén 25C2
Theo chiéu doc dén N va O hudng xudéng 2SN1
Theo chiéu doc dén N va O hudng 1én 2SN2
Theo chiéu doc dén C AC1
H-C-PG Phan tir khi nam ngang vudng goc trén C AC2
Phan tir khi nam ngang song song trén C AC3
Theo chiéu doc dén N AN1
H-N-PG Phan tir khi nam ngang vudng goc trén N AN2
CO, Phén tir khi nam ngang song song trén N AN3
Theo chiéu doc dén C 2AC1
Phan tir khi nam ngang vudng goc trén C 2AC2
OH-PG Phén tir khi nam ngang song song trén C 2AC3
Theo chiéu doc dén N 2AN1
Phan tir khi ndm ngang vuéng goc trén N 2AN2
Phan tir khi ndm ngang song song trén N 2AN3
Phan tir khi huéng xuong BC1
H-C-PG Phan tir khi hudng 1én BC2
Phan tir khi song song BC3
Phan tir khi huéng xuéng BN1
H-N-PG Phén tir khi hudng 1én BN2
NH: Phén tir khi song song BN3
Phan tir khi hudng xuong 2BC1
Phén tir khi hudng 1én 2BC2
OH-PG Phan ttr khi song song trén nguyén tir C 2BC3
Phan tr khi hudng xuong 2BN1
Phan tir khi hudng 1én 2BN2
Phan tu khi song song trén nguyén tir N 2BN3
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a) b) c)
Hinh 1: Vi tri hip phu c6 thé c¢6 ctia N:SSPGNR
cho cac phén tir khi bao gom: (a) céu hinh loai
b6 nguyén tir H thu dong ¢ dau nguyén tir C, (b)
céu hinh loai bé nguyén tir H thu dong & dau
nguyén tir N ( ¢) cAu hinh loai bé ca hai nguyén
tir H thu dgng ca nguyén tir C va N

Cac mau duogc tdi wu trén co s¢ 6n dinh nang
lwong (ning lwong hé thap nhit). Bé tim dugc cau
trac 6n dinh nhét trong tt ca cac trudng hop nghién
clru, ching t6i da tinh toan ning lwong hap phu
(AE,, ) cia cac phan tir khi 1én N:SSPGNR. Ning

luong AE,, duoc tinh dua trén cong thic sau:

ABqq =EpG+gas ~EpG ~Egas 1)

trong do E lan luot 13 tong

PG+gas’ EPG ! Egas
nang lugng hé sau hap phu, ning lugng cua hé trudc
hap phu, nang lugng cua phan tir khi co 14p. Néng
luong hip phu cang am céu hinh hap phu tuong tng
on dinh nhat. Két qua ti wu cho thay SC2, AC2 va
BC2 1a cac miu c6 ning lugng hap phu thép nhat
tuong tng trong ba truong hop hap phu CO, CO, va
NHs. Nang luong hap phu ciia cic mau d6 giam dan
tr -0.255 eV, -2.313 eV, -2.963 eV voi thir tu
Ead(NH3) > Eag(COz) > Eaa(CO). Trong céc cau tric
hap phu, ciu trac H-C-N:SSPGNR(CO) 6n dinh
nhat. R3 rang cdu trac H-C-N:SSPGNR(NH3) ¢6
kha nang hap phu vat Iy hon hip phu hoa hoc, trong
khi ciu trac H-C-N:SSPGNR(CO) va H-C-
N:SSPGNR(CO,) c6 kha ning hap phu hoa hoc hon.
Ngoai viéc tinh niang lugng hip phuy, ching toi con
phan tich dién tich Mulliken (Q) (Mulliken., 1955)
cho cac gia tri cua Qg , Qcoz va QNH3 lan luot 1a
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0.04, -0.47, -0.03 (e), gia tri dién tich Mulliken cta
phan tir CO; va NH; la &m chung to ca hai phan tur
nay cé chirc nang lay electron tur @é, riéng phan tir
CO nguoc lai.

3.2 Cic thong sb cu tric

Sau khi tdi wu, chung t6i x4c dinh cac thong sd
hinh hoc. Bang 2 trinh bay cac théng sb hinh hoc
cua ba céu truc hap phu sau khi thuc hién tinh toan
t6i uu hoa. C6 thé thiy 6 ring, d6 dai lién két cua
cac phan tir khi thay d6i nhung sy thay doi khong
I6n. Hinh anh cau trac sau khi hap phu duoc thé hién
trong Hinh 2. Chung toi ghi nhan rang, cac lién két
trong cac phan tir khi dai hon lién két cua cac phan
tir bi ¢6 1ap. Ngoai ra, goc lién két cia phan tir CO,
giam tir 180° xudng 121,2°. Cac goc lién két trén cac
phén tir khi NHs khong thay d6i dang ké. Mat khac,
d6 dai lién két cia N:SSPGNR trude va sau khi hip
phu cac phén tir khi da thay ddi. Trong d6, mau hap
phu CO thay ddi nhiéu nhat, day ciing 1a mot trong
nhiig nguyén nhan khién nang lwong hap phu trong
mau nay 1a 16n nhat.

:

(@) (b) (©
Hinh 2: Cic cAu hinh hip phy téi wu. (a) 1a miu
SC2 (H-C-N:SSPGNR(CO)), (b) 1a mau AC2
(H-C-N:SSPGNR(CO,)) va (¢) 1a mau BC2 (H-
C-N:SSPGNR(NH,)). Cac qua cAu mau xam dic
trung cho nguyén tir carbon, cac qua cAu mau
trang la nguyén tir hydro, cic qua Cau mau dé la
nguyén tir oxy, cac qua cau mau xanh la nguyén
tir nito
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Bing 2: P9 dai lién két truéc va sau khi hip phu (d1, d2), géc lién két trwde va sau khi hap phu (e, ;)
ciia cac phan tir khi, d dai lién két ciia cAc phén tir khi truwde va sau khi hap phu (11, I2), d9 dai
lién két cho N:SSPGNR trwéc va sau khi hap phu cac phan tir khi

Ha d d, o a, l I, C1=C2 C2-N C2-C3 N-H Lién két

' QD A @ @ K‘ @& A A& A& @A Nvac

N:SSPGNR - - - - - - 1338 1540 1563 1.025 1.550

sc2 15 1201 - - 1128 1184 1339 1397 1568 1.017 2.792
1128 1.213

AC2 15 1487 180 1212 %0 (57 1366 1425 1580 2.850 1.434
107,8 106 1.163 1.022

BC2 35 3317 1078 1061 1163 1026 1338 1536 1560 1.027 1554
107,8 1065 1163  1.029

Trong ba truong hop hdp phu nghién ctru duoc
minh hoa ¢ Hinh 2, néu so sanh khoang cach tir phan
tr CO va CO,dén N:SSPGNR véi khoang céch tao
lién két hoa hoc don phan tir gitra hai nguyén tir C
(Ic.c=1.54A) (P. Pyykk, et al., 2009) thi kha ning
N:SSPGNR tao lién két hoa hoc vai hai loai phan tir
nay la rit cao. Riéng phan tir NHz (hinh 2 (c))
khoang cach tir NH3 dén N:SSPGNR sau khi hap
phu lai 16n hon nhiéu so véi ban kinh lién két hoa
hoc gifta nguyén tir C va N (Ic.n=1.47A) (P. Pyykk
et al., 2009). Do d6, giita NH3 va N:SSPGNR thé
hién kha nang lién két vat 1y.

3.3 Mat do trang thai (DOS) va mat do
trang thai riéng (PDOS) cia hé

Trong hinh 3, chiing t61 da tinh toan mét 46 trang
thai (DOS) cua hé H-C-N:SSPGNR hap phu cac
phan tir khi CO, CO2va NH3 so0 véi mau thuan H-C-
N:SSPGNR. Pay la mau khong t6i hoa Hydro & vi
tri hap phu. Nhin chung, sau khi hap phu cac phan
tr khi ca ba cdu trac H-C-N:SSPGNR(CO), H-C-

N:SSPGNR(CO,), H-C-N:SSPGNR(NHs) vin la
cac chat ban dan nhung d6 rong vang cim cé thay
dbi. RS rang sy tham gia cua cac phan tir khi hip
CO, CO; anh huéng dén d6 rong ving cam cua H-
C-N:SSPGNR la dang ké. Ngugc lai mau H-C-
N:SSPGNR(NH3) ¢6 d rong ving cam thay doi
khong nhiéu.

Dé hiéu rd hon vé tac dong cua cac phan tir hap
phu dén chat nén 1am thay doi ving cam trong céc
truong hop hap phu, chung t6i tién hanh phan tich
su dong gdp cua cac phan tir khi hap phu vao dic
tinh dién tir cua hé. Hinh 4 mo ta mat do trang thai
tong cua hé va cua phan ti khi: (a) H-C-
N:SSPGNR(CO), (b) H-C-N:SSPGNR(CO,) va H-
C-N:SSPGNR(NHs3), cing véi cac phan tir khi hap
phu CO, CO; va NH; tuong tng. RO rang, ca ba
phan tir khi c6 dong gop dang ké, Hinh 4(c) thé hién
hiéu ing hap thu vat ly, c6 mot dinh nho DOS cia
NHs; trung khit véi dinh cia DOS H-C-
N:SSPGNR(NH).

40 | H-C-N:SSPGNR a
- —— H-C-N:SSPGNR(CO)
20 :/\/
N i W , e Wy
= a0} H-C-N:SSPGNR
° : —— H-C-N:SSPGNR(CO,)
o 20
Q ! A\M—ﬁ
a o A ) ,
=2k | H-C-N:SSPGNR
40 | I H-C-N:SSPGNR(NH,) |
20F | (|
0 .\‘._Ir ' A s B e e S—
-2 1 0 1 2
E-E, (eV)

Hinh 3: Mat d9 trang thai DOS ciia h¢: (a) H-C-N:SSPGNR va H-C-N:SSPGNR(CO), (b) H-C-
N:SSPGNR va H-C-N:SSPGNR(CO,), v (¢) H-C-N:SSPGNR va H-C-N:SSPGNR(NH )
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Hinh 4: Mt d¢ trang thai tong (Total DOS) cia: (a) H-C-N:SSPGNR(CO), (b) H-C-N:SSPGNR(CO,,
(c) H-C-N:SSPGNR(NH,) va c4c phan tir hip thu twong @ng

Dé hiéu rd hon nguyén nhéan chu yéu lam thay
d6i d6 rong ving cam trong ba hé nghién ciru, chang
t61 tiép tuc khao sat cac mat do trang thai riéng
(PDOS) cua chuang trong Hinh 5, 6 va 7. Trong
truong hop hap phu CO 1a do su déng gop tir quy
dao p cta ca C va O cua phan tr khi (Hinh 5 a, b).
Cu thé & day din déng gop chii yéu tir phan tir khi
con ¢ day hoa tri dong gop chinh lai 1a C2 (lai hoa
sp®) cua chat nén (Hinh 5 ¢). Di véi hap phu CO,

va NHs (Hinh 6, 7) anh huong dén do rong ving cAm
chu yéu 1a do sw dong gbp quy dao p caa C va N cua
phan tir khi va nguyén tir C1 (lai héa sp?, gan phan
tir khi nhét) caa chat nén. Trong Hinh 5.¢ va 6.c m6
ta PDOS cho thiy c6 su chdng chéo giita cac trang
thai nguyén tir ctia phan tir khi hip phy va 2 nguyén
te C dugc chon gan phan tir khi nhat trén H-C-
N:SSPGNR. Su Chéng chéo nay xac nhan co6 sy hinh
thanh lién két hoa hoc gitra cac phén tir khi voi dé.

8 3
3 cOo a
. c
----- o
oy C_s
% ----- O_s b
- -C_p
2 —p
[a]
o
o c
2 i =e c
3 ','-: Cy
1 ';' A\ _zz ) :
- — A o,
06 § I I A ‘_ ' -]
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Hinh 5: M4t d¢ trang riéng (PDOS) cia h¢ H-C-N:SSPGNR(CO): (a, b) mat d trang thai riéng cua
CO theo cac quy dao, (c) mat d¢ trang thai riéng ciia CO véi cac nguyén tir gan nhat trén H-C-
N:SSPGNR
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Hinh 6: Mat d$ trang riéng (PDOS) ciia h¢ H-C-N:SSPGNR(CO,): (a,b) mat d9 trang thai riéng ciia
CO, theo cac quy dao, (c) mat do trang thai riéng ciia CO, véi cic nguyén tir gan nhét trén H-C-
N:SSPGNR

Trong khi d6, khi H-C-N:SSPGNR hap phu
NH; thé hién su chong chap PDOS giita phan tir khi
véi chét nén, ta c6 thé két luan co sy hinh thanh lién
két yéu giita phan tir khi NH3 v6i dé va xac dinh dac
tinh hap phu vat 1y phan tir khi NHz 1én dé. Qua day,
ching ta c6 thé khang dinh ring hoan toan cé thé
thay doi d6 rong ving cAm bang cach cho hap phu
cac phan tir khi nhung van giit duoc tinh ban dan

1:2

ctia n6. Bong thoi, ta cing thiy 16 sy anh huong caa
cac phan tir CO va CO, 1én dé nhiéu hon so véi su
anh huong cua phan tir NHs. Diéu nay cuing véi viéc
xac dinh chiéu dai lién két & muc trén xac nhan phu
hop rang cac phan tir khi CO va CO, hap phy hoa
hoc 1én H-C-N:SSPGNR con phan tir khi NH3 thé
hién dic tinh hap phu vat 1y.
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Hinh 7: Mat dg trang riéng (PDOS) cia h¢ H-C-N:SSPGNR(NH,): (a, b) mit d¢ trang thai riéng cia
NH, theo cac quy dao, (c, b) mat d¢ trang thai riéng cia NH, véi cac nguyén tir gan nhét trén H-C-
N:SSPGNR
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Dé mo ta day di hon dac tinh dién tir hap phuy,
chiing t0i khao sat sy chuyén dién tich gilta cac phan
t khi CO, CO2, NH3 va de H-C-N:SSPGNR, bang
cach ching toi tien hanh tinh‘ su thay doi mat do dién
to (EDD). EDD dugc tinh bang cong thic sau:

AP = Ppoigas) ~Pre) ~Plgasy @

Trong d6 Ppcigas) Pre) Pgas) lan luot la
mat do dién tich cua hé hip phu, mat d6 dién tich
cia dé H-C-N:SSPGNR va mét d¢ dién tich cta

(A) (B)

0
o

&

Tdp 56, Sé 3A (2020): 29-37

phan tir khi hap phu c6 1ap. EDD duoc biéu dién truc
quan cung gia tri isosurface trong Hinh 8. Trong do,
Hinh 8(A), Hinh 8(B) biéu dién cho truong hop hip
phu CO va CO,, xuat hién mat d6 dién tir tai cac moi
ndi giira phan tir CO, CO; va N:SSPGNR (thé hién
bai duong tron dirt nét) va dam may dién tir mat do
cao, thé hién su lién két hoa hoc giira phan tir khi va
chat nén . Tuy nhién, khi quan sat mau hap phu NH3
(Hinh 8(C)) ta thiy khong c6 su xuat hién dam may
dién tur va sy hinh thanh lién két ¢ déy, cang khing
dinh hon vé sy hap phu vat 1y d6i voi phan tir khi
nay.

©

Difference density (&%) Difference density (A7) Difference density (A7)
0,015 0.021 0.058 -0.034 0.015 0.064 -0.012 0.0014 0.015

Hinh 8: Sy khac nhau vé mat d¢ di¢n tir (EDD) ciia hé: (A) H-C-N:SSPGNR(CO), (B) H- C-
N:SSPGNR(CO2)va (C) H-C-N:SSPGNR(NHz3). Trong d4, gia tri isosurface 1a 0.009 e A7, Vung giau
dién tich duwgc ki hi€éu mau vang va ving nghéo dién tich dwgc ki hiéu mau xanh la

4 KET LUAN

Tém lai, bang viéc sir dung phuong phép nguyén
1y ban dau, ching t6i da khao sat cau tric 6n dinh va
dic tinh dién tir cua cau trac N:SSPGNR hép phu
cac phan tu khi CO, COz va NHs. Chung toi thy
rang cac mau sau khi hap phu phan tir khi thi d6 rong
ving cim cia H-C-N:SSPGNR(CO) va H-C-
N:SSPGNR(CO>) ¢6 su thay do6i déng ké so véi mau
ban dau. Pic tinh dién tir cua mau N:SSPGNR hip
phu NHj3 thé hién hanh vi hap phu vt 1y, riéng hai
mau con lai thé hién hanh vi hap phu héa hoc. Cac
két qua nghién ctru nay gdp phan gido duc tinh chét
dién tar hip phu trén bién N:SSPGNR va dinh huéng
viéc nghién ctru phat trién N:SSPGNR dé tng dung
trong cac cam bién khi thé hé mai.

LOI CAM TA

Nghién ctru nay dugc tai trg boi dy 4n ning cap
Truong Pai hoc Can Tho bang nguon von vay ODA
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tr chinh phu Nhat Ban (VN14-P6) va boi Truong
Dai hoc Thu Dau Mot.
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