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Tém tit

Trong nghién ciru ndy, dwong dang nhiét hap phu L-proline boi ong nano carbon don
vach MKN-S VI{CNT S1 da dwoc xdy dqmg,. Mé hinh hdp’ phu cum da duoc su’ dung dé phan
tich dwong dang nhiét thuc nghiém. Két qua cho thdy L-proline dwoc hap phu ¢ dang
monomer va dang cum gom 6 dén 7 don phan. Phirong phap tinh toan hoa luong tur da duoc
sur dung dé téi wu héa cdu triic va xdc dinh cdc thong so co ban cua hé hdp phu. Két qua cho

thdy co ché cé khd ndng nhat dé cé dinh amino acid trén bé mdt éng nano carbon la tuong
tdac Van der Waals.
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Abstract

This study constructed the adsorption isotherm of L-proline on MKN-SWCNT S1
single-walled carbon nanotubes was constructed. The cluster adsorption model was used to
analyze the experimental isotherm. The results showed that L-proline was adsorbed in the
form of a monomer and a cluster composed of 6—7 monomers. Quantum chemical methods
were used to optimize the structure and determine the basic parameters of the adsorption
system. The results showed that the most likely mechanism for immobilizing amino acids on
the carbon nanotube surface is Van der Waals interaction.

Keywords: adsorption, cluster model, L-proline, nano carbon, quantum chemistry.
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1. Gidi thiéu

S& hitu nhing tinh chat doc dao vé co hoc, dién tir, quang hoc va hap phu (Qiu & cs.,
2017), éng nano carbon (CNT) ngay cang thu hit sy quan tim cua nhiéu nha nghién ctru
(Andre & cs., 2009), khién chiing trd thanh mot loai vét liéu tiém ning trong nhiéu linh vuc
nhu cong nghé nano, cam bién, y sinh hoc,... (Socas-Rodrguez & cs., 2014), (Speltini &
cs., 2013), (Speltini & cs., 2012). Dac biét, trong linh vyc y sinh, do tinh tro twong dbi vé
mat hoa hoc, 6ng nano carbon c6 tiém ndng tré thanh chat mang phan ph01 thude dén muc
tiéu. Pé tmg dung ong nano carbon theo huéng nay, diéu kién tién quyét 1a phai hleu duogc
co ché tuong tac cua 6ng nano carbon voi cac phan tur sinh hoc trong co thé song. Viéc
nghién ctru tryce tiép cac tuong tac d6 rat kho khin dé thyc hién. Mot trong nhiing cach don
gian hon dé tiép can myc dich nghién ctru 1a xem xét tuong tac cua ong nano carbon véi cac
don vi cau tric cua cac phan tir, dai phan tir trong co thé sinh vat. Protein, cac enzim... déu
dugc ciu tric tir cac phan tir amino acid. Do d6, thong qua viéc nghién ctru tuong tac giira
céc 6ng nano carbon véi cac amino acid, chiing ta s& phan nao hiéu duoc co ché tac dong cua
céc dng nano carbon véi co thé sdng. Pa c6 mot s6 cong trinh nghién clru sy twong tic cua
dng nano carbon véi cac amino acid nhu alinine, histidine... (Butyrskaya & cs. ,2019), (Le
& cs., 2022), (Le & cs., 2021), (Le & cs., 2022) nhung chua c6 cong trinh nao cung cap cac
hiéu blet V€ sy tuong tac cua cac 6ng nanocarbon don véch véi proline, dac biét ¢ cap do vi
mo. Cac nghién ctru vé twong tac giita amino acid va CNT chul yéu duge thuc hién bing
phuong phéap hoéa hoc lugng tir, ddng luc hoc phan tir va 1y hoa hoc (Dukovic & cs., 2006),
(Atsushi & cs., 2021), (Lakhdar & cs., 2021), (Mengzhuan & cs., 2022), (Muhammad & cs.,
2022). Hién nay phuong phap hoa hoc luong tir ngay cang duorc sit dung nhiéu hon, tuy
nhién nhimg tai liéu da duoc cong bd thyuc té khong cung cip két qua tinh toan hoa hoc
lwong tir vé twong tac gilta cac ddng phan quang hoc cua amino acid va CNT, ngoai trir cac
cong trinh cua chung toi (Butyrskaya & cs., 2024), (Butyrskaya & cs., 2024), (Le & cs.,
2024). Do tinh bat doi, 6ng nano carbon c6 sy khac biét trong tuong tac voi cac dong phan
dbi quang D va L. Trong cong trinh ndy, ching toi nghién ctru sy tuong tac gitra 6ng nano
carbon don vach MKN-SWCNT S1 véi ddng phan L-proline thong qua viéc xdy dung dudng
dang nhiét thuc nghiém, phan tich két qua trén mé hinh cum va tién hanh tinh toan cac thong
$6 lugng tir. Duya trén sy phan tich két qua, co ché tuong tac hap phu da duogc tiét 10.

2. Thuwc nghiém
Xay dung dwong dang nhiét thue nghiém

Mai lo thity tinh dung tich 50 mL dwgc thém vao 0,01 gam CNT MKN-SWCNT S1 va
20 mL dung dich L-proline véi cic ndng do khac nhau, tir 0,01 M dén 0,06 M. Hon hop
dugc xir 1y siéu 4m boi thiét bi MEF91 trong 3 phat dé tranh sy két tu ctia 6ng nano carbon.
Huyén phu tao thanh dwoc dwa vao trong may u lic ES20 tai nhiét d¢ nghién ciru trong
khoang thoi gian xac dinh theo két qua khao sat dong hoc ma chung t6i di tién hanh. Sau khi
can bang hap phu dugc thiét 14p, cac lo thiy tinh chira hon hop phan tng duogc 14y ra va loc
trén phéu bang gidy loc bang vang. Dich loc thu dugc tiép tuc duoc ly tam dé loai bo cac ong
nano con sot lai. Phan dich trong suét duoc do quang phé UV-VIS dé xac dinh nong do L-
proline, tir d6 tinh dugc luong chét bi hip phu theo cong thic sau:

_ (Co — Ce)'V

m

(1)

Trong d6 q - dung lugng hap phu, mol/g; V — thé tich rr}?lu, 0,02 L; Co— ndéng do dung dich
ban dau, mol/L; C. — nong d6 dung dich khi can bang hap phu da thiet 1ap, mol/L; m — khoi
luong CNT, 0,01 g.
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Mo hinh héa may tinh

Mo hinh hoa lugng tir hoa hoc ciia cac cAu tric duogc thuc hién bﬁng chuong trinh
GAUSSIAN 09 st dung phuong phap B3LYP/6-31G(d,p)GD3. M6 hinh phén cuc lién tuc
Tomasi (PCM) dugc sir dung dé tinh dén anh hudng cua moi truong. Tat ca cac tinh toan
dugc thuc hién trén mé hinh dng CNT quay phai v6i chi sé bat dbi (7,5) va chiéu dai 18 A.
C6 ba loai éng nano carbon: CNT ghé banh, CNT zic-zac va CNT bt d6i (Sukhno, 2008),
hinh 1.
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Hinh 1. Cac dang céu tric ciia dng nano carbon don vach: a- zic-zac, b- ghé banh, c-
bat doi
Madi loai nay dugc hinh thanh tiy thudc vao cich mit phang graphene “cudn lai”

thanh ng nano. Cau trac mé hinh éng nano quay phai sir dung trong nghién ciru nay dugc
the hién & hinh 2.

Hinh 2. M6 hinh 6ng nano carbon dwgc sir dung trong tdi wu héa ciu tric

Khi tién hanh xay dung dudng dang nhiét thuc nghiém, gi4 tri pH cta dung dich nim
trong khoang tir 5,43 t6i 5,60. Dbi chiéu véi hinh 3a, trong khoang gia tri pH d6, L-proline
chu yéu 0 dang ion ludng cuc. Do d6, dang ludng cuc cua L-proline dugc Iya chon lam mo
hinh chit bi hip phu.
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Hinh 3. Biéu d6 phan bd cic dang ton tai ciia L-proline theo pH (a) (Barrett, 1985), md
hinh ion ludng cwe L-proline ding trong t6i wu héa céu triic (b)

C6 ba vi tri ctia dng nano carbon c6 thé twong tac véi cac phéan tir amino acid: bén ngoai, bén
trong (khi amino acid thdm nhap vao CNT) va hai dau 6ng. Trong nghién ctru nay, chung toi
chi thyc hién t6i wu hoa ciu trac dbi voi qua trinh hap phu xay ra trén bé mit bén ngoai cua
ong. Piéu nay duoc giai thich boi nhitng 1y do sau:

e Khi tién hanh thyc nghiém xdy dung dudng dang nhiét, dng CNT duogc sir dung 1a
hdn hop cac éng don vach voi hai dau dugc déng kin nén cac phan tir amino acid khong thé
xam nhap vao bén trong dng CNT qua hai dau. Ngoai ra, mdc du cac ong CNT c6 khuyét tat
nhung theo dit liéu ctia nha san xuat, nong do cua chiung rat nho (Collins, 2010). Trong khi
do, kich thudc ion ludng cuc L-proline 16n hon céc 16 trong (gdy ra boi cac khuyét tat trén bé
mat CNT) nén sy tham nhép cta ching vao bén trong ong thong qua nhiing khuyét tat nay
rat hiém gdp. Vi vdy, c6 thé cho rang su hip phu L-proline & bén trong dng khong xay ra
trong diéu kién thuc nghiém.

e Su hip phu ¢ cac dau dng dong gop khong dang ké vao dudng dang nhiét. Ty 1é giita
chiéu dai ciia CNT va dudng kinh ctia chung kha 16n (~1000 1dn) nén lugng chét bi hap phu
& hai dau ciia CNT s& it hon rat nhidu so v6i & bé mit bén, do d6 sy dong gbdp ciia qua trinh
nay c6 thé bo qua.

Chinh vi vay, chiing t6i chi tdi uru hoa ciu tric ciia hé éng nano carbon - L-proline tai
vi tri trén bé mit bén ngoai ciia CNT. Cac 6ng duoc sir dung trong thi nghiém c6 dau kin,
nhung mé hinh dé nghién ctru sy hip phu c6 dau hé (hinh 2). Diéu nay 1a do khé khin trong
viéc dong cac dau CNT va sy dong gop khong dang ké clia qua trinh hip phu amino acid &
cac dau 6ng vao dudng dang nhiét.

Ning lugng hap phu dugc tinh theo cong thirc:
—E=Eqy +E -k

L-proline CNT-L- proline (2)

Trong d6 -Eugs 14 nang lugng hép phu (ddu “-” dugc su dung dé gia tri cia ning lugng hép
phu duong), Ecnr 14 nang luong 6ng CNT da duge t61 uu hoa, Erproiine 1& nang lugng L-
proline da dugc toi vu héa, Ecnr-i-proline 12 nang luwong hé phan ung da dugc toi uu hda cau
truc.
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3. Két qua va thao luin
3.1.Phan tich duwdng dang nhiét thwe nghiém bang mé hinh hap phu cum

Dua trén két qua thuc nghiém, duong Qéng nhiét hég phu L-proline boi 6ng nano
carbon MKN-SWCNT S1 da dugc xay dung. Két qua dugc the hién trén hinh 4.
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Hinh 4. Puong dang nhiét thue nghiém hap phu L-proline béi 6ng nano carbon don
vach MKN-SWCNT S1

D¢ ¢6 dit liéu dau vao cho qué trinh t6i wu héa cau triic, dudng dang nhiét thyc
nghiém duoc phén tich dya trén mo6 hinh hap phu cum (Butyrskaya & cs., 2019). Phuong
trinh duong dang nhiét cum hap phu phu hgp nhat véi hé nghién ctru c6 dang:
che_l—anKnCZ
1+K,C,+ K,C;

3)

Q= dm-

Trong dd q - dung luong hap phu, qm - dung luong hap phu don 16p, C. - ndng d¢ can bang,
K; - hé s6 can bang cua phan ung hap phuS+iA=8A;,i=1,2,..,n- sO phén tir chat bi hap
phu, n - kich thudc cuc dai cia cum chat bi hap phy, m; - s6 phan tir chat bi hip phu trong
16p dau tién ctia cum chira i phan tir.

Y nghia vat 1y cta cac thong s trén dd duoc cung cip trong cac nghién ctru cua ching
t6i (Le & cs., 2022), (Le & cs., 2021), (Le & cs., 2022). Cac thong s6 trén duoc xac dinh boi
phuong phap phi tuyén tinh voi sy tro giup cua phan mém origin pro 2025. Két qua dugc thé
hién trong bang 1.

Bang 1. Cac thong sb !lf,lp phu ciia mé hinh cum ddi véi qua trinh hip phu L-proline
béi ong nano carbon don vach MKN-SWCNT S1

qm (mol/g) K; (L/mol) K, (mol/L)™ n m, r’

0,06438 4,92436 1,25154E12 6,66 6,66 0,991

Gi4 tri > x4p xi don vi cho thdy sy ph hop t6t ctia mo hinh. Dya trén ¥ nghia vat 1y ciia cac
thong s6 hap phu, dudng dang nhiét thuc nghiém duoc phan tich thanh cac thanh phan dong
gop. Két qua dugc thé hién trén hinh 5. Hinh 5 va dir lidu trong bang 1 cho thdy qué trinh
hap phu dién ra ca & dang monomer va dang cum. Khi nong d6 dung dich L- proline thap,
chu yéu xdy ra qua trinh hdp phu & dang monomer (duong xanh d4m). Khi ndng do dung
dich C. > 0,0125 mol/L, qua trinh hip phu dang monomer giam dan. Nguoc lai, khi ndng do
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dung dich ting dan, qué trinh hip phu cum ciing ting dan. Tai ving ndéng do cao, hau nhu
chi dién ra qua trinh hép phu cum. Kich thudc cum trung binh la 6,66, nghia 1 trén bé mit
chét hép phu hinh thanh cac cum g6m 6 dén 7 monomer lién két v6i nhau. Gia tri m, = n
chtng t6 qua trinh hip phu 13 don 16p, nghia 14 toan bd cac don phan déu thude cing mot 16p
phia trén bé mit CNT.
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Hinh 5. Su phan tich dwong dang nhiét thyre nghiém thanh cac phin déng gép thong
qua m6 hinh hap phu cum

3.2. Két qua tinh toin hrong tir
3.2.1. Sw hip phu & dang monomer

Nhu da néi ¢ phia trén, trong h¢ phan ng dugc tbi uu hoa cAu trac, cac phan tir L-
proline dugc xem x¢ét tai vi tri nam phia trén bé mat ngoai cua dng nano carbon. Dya trén dic
diém cAu trac, L-proline ¢6 ba vi tri tuong ddi dbi véi bé mat CNT:

e Nhom COO hudng dén bé mat CNT;
e Nhom NH,* huéng dén bé mat CNT;
e Ca2nhém COO va NH, hudng dén bé mat CNT.

Do d6, ba cdu truc cua hé phan tng tudng tng v6i ba vi tri trong d6i cua L-proline trén bé
mat CNT duoc toi uu hoa. Két qua toi uu dugc thé hién trén hinh 6.

o’;‘\,.;' 4:0‘;; ‘j‘:;’

BERINL ,{,;4%3 3333 ﬁ@,{j{ﬁﬂ‘i«*‘
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-Eags = 27,83 kJ/mol -Eags = 32,24 kJ/mol -E.gs = 43,16 kl/mol
a) b) 9)

Hinh 6. Két qua t6i wu héa ciu tric hé L-proline — CNT

Gi4 tri nang luong hip phy cho thiy cau tric (c) thuan loi nhat vé mat nang luong.
Nhu vay, khi ca hai nhom chirc ciia L-proline huéng dén beé mat CNT thi nang luwgng ctiia hé
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dugc ti wu hoa. Cac thong s6 luong tir dbi v6i hé (¢) duoc thé hién trong bang 2.
Bing 2. Nang luong hap phu (-E.as), khoang cach tir hai nguyén tir O ciia L-proline dén )
nguyén tir C gan nhat ciia CNT (Rco1, Rco2), khoing cach tir nguyén tir N ciia L-proline dén
nguyén tir C gan nhat ctia CNT (Rcn), khoang cach giira trong tam L-proline va CNT (R)

-Eaas Rco1, Reoy, Ren, R
kJ/mol A A A
43,16 3,18 4,84 7,84
3,24

Két qua trong bang 2 cho thiy khoang cach giita O (L-proline) va C (CNT) 16n hon d6
dai lién két don C-O (1,43 A) (Frank, 1961), khoang cach giita N (L-proline) va C (CNT) 16n
hon d6 dai lién két don C-N (1,475 A) (Trotter, 1960). Diéu nay ching to giita L-proline va
CNT khéng hinh thanh lién két cong hoa tri.

Dé x4c dinh kha ning hinh thanh lién két do luc hut tinh dién, dién tich cac nguyén tir
cua L-proline trong cau truc toi wu da dugc xac dinh. Céac gia tri twong tng dugc thé hién
trong bang 3.

Bang 3. Pién tich cac nguyén tir cia L-proline trong cong thirc tdi wu theo Mulliken

STT DPién tich cac nguyén tir STT DPién tich cac nguyén tir

1 C -0,024487 10 H +0,171815
2 C +0,260619 11 H +0,145463
3 C -0,526438 12 N -0,562454
4 C +0,297881 13 H +0,153729
5 H +0,096400 14 C +0,312947
6 H +0,130729 15 0 -0,599965
7 H +0,205160 16 0 -0,642845
8 H +0,239323 17 H +0,155277
9 H +0,188974 Téng +0,002128

Sb liéu trong bang 3 chi ra rang trong cong thic toi wu, dién tich ciia L-proline 1a +
0,002128, nén dién tich CNT la -0,002128. Dién tich ciia chat hdp phu va chat bi hap phu
déu rat nho, chimg t6 giira chung khong xuét hién lyc hat tinh dién.

Nhu véy, gitta CNT va L-proline khong hinh thanh lién két cong hoéa tri cling nhu lién
két ion. Vay tuong tac c6 kha nang nhit dé c6 dinh cac don phan L-proline 1én trén bé mit
CNT chinh la twong tac Val der Waals.
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Dé xac dinh phan dong gop ciia vong pyrrolidine vao qua trinh hip phy monomer L-
proline boi CNT, chung t61 loai bo cac nhém nguyén tir ngoai vong pyrrolidine cua L-proline
(bdo hoa hoa tri bang H) rdi tién hanh t6i uu hoa cau trac. Hé vong pyrrolidine- CNT cing
duge t6i wu hoa bang cach loai bo cac ngom nguyén tir con lai cua L-proline trong cAu triic
(c) dé tao ra ciu tric dau vao. Két qua tdi uvu hoa duoc thé hién trén hinh 7.

<9 v
S99
D ‘

J
9

LR e
)‘\ 0“ 9
e‘% a 9

5 3%
1 ii; ﬁéuz

Hinh 7. Céu tric t6i wu héa hé vong pyrrolidine (L-proline) —- CNT

Két qua tinh toan lugng tir cho thdy hé vong pyrrolidine (L-proline) — CNT ¢ —Eags =
11,65 kJ/mol, nghia la phan dong goép cia vong pyrrolidine vao qua trinh hap phu L-proline
0 dang monomer khoang 27%.

3.2.2. Sw hip phu ¢ dang dimer

Budc co so dé hinh thanh cum L-proline trén bé mit CNT chinh 14 sy tao thanh cac
dimer. Dimer L-proline dugc t6i wu hoa ciu tric, thé hién trén hinh 8a. Cong thirc t6i wu chi
ra rang giita cac monomer hinh thanh lién két hydrogen, qua d6 gop phan lam giam ning
luong cua hé hip phu.

a) b)

Hinh 8. CAu tric t6i wu dimer L-proline (a); CAu tric t6i wu hé dimer L-proline-CNT (b)

Céc thong sb luong tir twong Gmg véi cdu trac toi wu trén hinh 8b nhan cac gia tri nhu
sau: R, .=2,93A; R, .=5,15A; R, .=3,09A; R, .=543A; R, .=3,76 A;
(O] (&) 3) (O] 1)

=343 A; ~E,, =62,43kJ/mol; R= 7,86A . Gia tri ning lugng hép phu dimer gip

khoang 1,45 1an so v&i sy hdp phu monomer. Tuy nhién, can luu y rang day la gia tri ning
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lwong khi L-proline dugc hip phu & dang dimer chir khong phai tir hai monomer riéng 1é,
nghia 14 ning lugng ctia hé hap phu con giam thém mot luong tuong tng voi ning luong toa
ra khi hinh thanh céc lién két hydrogen trong dimer. Cac khoang cach tir cac nguyén tir O, N
ctia L-proline dén cac nguyén tir C gin nhét trén bé mat CNT 16n hon d6 dai lién két cong
hoéa tri twong tng, ching t6 luc twong tic gy ra qua trinh hap phu khong phai 1a lién két
cong hoa tri. bé xac dinh kha nang hinh thanh lyc hut tinh dién, dién tich trén cac nguyén tu
ctia dimer L-proline trong ciu truc t6i wu di duoc xem xét, bang 4.

Bang 4. Pién tich cic nguyén tir ciia dimer L-proline trong cong thirc t6i wu theo

Mulliken
STT Dién tich nguyén tir
nguyén tir Ion ludng cye 1 Ion ludng cwe 2
1 C -0,24288 C -0,04597
2 C +0,24111 C +0,23919
3 C -0,51329 C -0,52343
4 C +0,30194 C +0,23935
5 H +0,09341 H +0,09402
6 H +0,13544 H +0,12478
7 H +0,30439 H +0,11298
8 H +0,27902 H +0,17518
9 H +0,24142 H +0,23489
10 H +0,13607 H +0,14676
11 H +0,14643 H +0,15331
12 N -0,54106 N -0,54329
13 H +0,15633 H +0,16518
14 C +0,22461 C +0,34307
15 O -0,60283 O -0,61106
16 O -0,62150 O -0,59404
17 H +0,20754 H +0,37162
Tong -0,05385 +0,08254

Dir liéu trong bang trén cho thay phan dién tich cia m&i monomer trong dimer 1a rat
nho, dién tich tong cta dimer ciing rat nho (+0,02869), do d6 dién tich cia CNT ciing rat nho
(-0,02869). Vi vay c6 thé khiang dinh gitta CNT va dimer L-proline hau nhu khong c6 su
chuyén dich dién tich, hay noi cach khéc, giita ching khong hinh thanh tuong tac tinh dién.

Do do, tuong tac Van der Waals dugc xem 1a co ché tuong tac kha di nhét giita dimer
L-proline va CNT trong qua trinh hap phu.

Tuong tu trudng hop hip phu & dang monomer, dé xac dinh phan dong gép cia vong
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pyrrolidine vao qué trinh hip phu dimer, cc cdu trac tuong tng duge tdi wu hoa bang phan
mém Gausian 09. Hinh anh cau trac t6i uu duoc thé hién & hinh 9, két qua tinh toan dugc thé
hién & bang 5.

Hinh 9. Céu triic téi wu hé 2 vong pyrrolidine- CNT

Bang 5. Ning lwong hip phu va phin trim dong gop twong \rng ciia vong pyrrolidine
vao qua trinh hap phu dimer

Nang lwgng tuwong tic ciia vong Ty 1€ ning lwgng twong tic cia vong pyrrolidine
pyrrolidine va CNT (kJ/mol) va CNT véi nang lwgng hap phu cia cac dimer
L-proline trén ong nano, %

-EcNT-2 vong pyrrolidine 2747 44,00
'ECNT— vong pyrrolidine 1 1 3,5 1 21 ,64
‘ECNT— vong pyrrolidine 2 1 3,96 22,36

Theo két qua tinh toan khi sir dung mé hinh hap phu cum, & ving ndng do cao, L-
proline dugc hép phu ¢ dang cum 6, cum 7. Cac cum nay dugc hinh thanh dya trén cAu tric
dimer, monomer da dugc t6i wru. Chiing t6i da tién hanh t6i wru héa cau trac cic cum twong
tmg. Két qua duoc thé hién trén hinh 10. K&t qua cho thiy khi hinh thanh cum, giita cac don
phan hinh thanh lién két hydrogen, gop phan lam giam ning luong cuia hé khi hap phuy.
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Hinh 10. CAu tric t6i wu ciia cum 6 (a) va cum 7 (b)
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Trong cong trinh nay, chiing t6i chi thyc hién t6i vu hoa cau tric cia cum ma khong
thuc hién d6i véi hé cum 6,7- CNT do s0 lugng nguyén tir cua cum 1a mdt con s6 khong nhd,
doi hoi dung lugng va thoi gian rat 1on ciia cum may chu.

4. Kétludn

Trong nghién ctru ndy, dudng dang nhiét hap phu L-proline bdi dng nano carbon don
vach MKN-SWCNT S1 dé duoc xay dung. M6 hinh hép phu cum dugc sir dung dé phan tich
duong ding nhiét thyc nghiém. Két qua cho thay L-proline dugc hap phu & dang monomer
trong ving ndng do thip, dang cum trong ving nong do cao. Kich thuge cum trung binh la
6,66. Qué trinh hap phu 1a don 16p. Qua trinh t5i wu hoa cau truc cac hé hap phu ciing da
duoc thyc hién. Khi hap phu ¢ dang monomer, nang luong hép phu 14 43,16 kJ/mol. Khi hép
phu ¢ dang dimer, nang luong hap phu 1a 62,43 kJ/mol. Két qua tinh toan lugng tir cho thy
co ché c¢6 kha ning nhat dé cb dinh L- -proline (monomer va dimer) trén bé mit dng nano
carbon 14 tuong tac Van der Waals. Phan dong gop ciia cac vong pyrrolidine vao qua trinh
hép phu ciing da dugc xac dinh. Cum 6, cum 7 cua L-proline da duogc t8i wu hoa ciu truc.
Két qua cho thiy giita cic don phan hinh thanh cac lién két hydrogen, gop phan lam giam
ning lwong cia hé trong qua trinh hap phuy.

Loi cam on: Nghién ciru ndy duoc tai tro tir ngudn kinh phi Khoa hoc Cong nghé cua
Truong DPai hoc Su pham Ha Noi 2 cho Dé tai Khoa hoc, ma s6: HPU2.2024-CS.05.
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