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Nghién ciru Iy thuyét kha ning hap phu 2,4-dichlorophenoxylacetic acid
trén carbon hoat tinh bién tinh boi Fe va Ag
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Tom tit:

Phwong phap phlém ham mat d9 lién két chit (GFN2-xTB) dwgc sir dung dé khao sit kha ning h:ip phu cia
2,4-dichlorophenoxylacetic acid (2,4-D) trén carbon hoat tinh (AC) va AC dugc bién tinh béi Fe va Ag (AC M). Cac
dac tinh electron ctia hé nghlen ctru dwge khio sat thong qua the nang ion héa, ai lwc electron va chi so electrophln
toan phan Nang luwgng hap phu, mit do dién tich va cac thong s6 hinh hoc da dwgc tinh toan va phéan tich dé1am ré
kha niing hap phu ciia AC va AC-M. Két qui cho thiy, viéc dwa cac nguyén tir kim loai vao AC da nang cao dang ké
kha niing hip phu dbi v6i 2,4-D. Co ché hip phu thay dbi tir hap phu vat Iy (trén AC) sang hip phu héa hoc (trén
AC-M). Anh huéng ciia cac dung mdi khac nhau (nwéc, methanol, acetonitrile) dén qua trinh hap phu ciing dwoc

nghién ctru va phan tich théng qua thuit toan Poisson-Boltzmann.

Tir khoa: carbon hoat tinh, doping kim loai, GFN2-xTB, hz‘ip phu, 2,4-D.

Chi s6 phén loai: 1.4

Dit van de

Sy tich tu cac chat 6 nhidm hitu co kho phéan hiy (POPs)
trong moi trudng gy ra nhitng anh hudng nghiém trong dén
strc khoe con nguoi va dong vt [1]. Cong ude Stockholm
vé x0a bo hodc han ché san xudt va st dung cic hop chét
POPs ra doi nam 2001, dén nam 2019 da thu huat sy tham
gia cta 184 qudc gia Ve‘l vung lanh tho, trong dé co Viét
Nam [2].

2,4-D 1a mot hop chat POPs pho bién, duoc biét dén nhur
mot trong nhiing loai thude diét ¢ va trir sdu 1au doi va phd
bién nhét, nén hop chit nay thudng duoc tim thiy trong moi
truong nude mat va nude ngam [3].

Gan déy, nhiéu phuong phap va cong nghé khac nhau da
dugc phat trién dé xtr 1y 2,4-D nhu: phan hity sinh hoc [4],
xtr 1y bang quang xuc tac [5], oxy hoa dién hoa [6]... Thach
thirc d6i voi xtr 1y 2,4-D 1a n6 thuong duogc tim thiy trong
moéi trudng v6i ndng do thip. Do d6, bude dau tién dé xu
1y hiéu qua 2,4-D 1a “thu gom”, va hap phu la mot phuong
phap phu hop dé thyuc hién diéu nay.

AC la mot trong nhirng chat hap phu dugc st dung rong
rii nhét do dién tich bé mit cao, cdu triic xop va ché tao don
gian [7]. Hon nira, ddc tinh ky nudc va cau trac h¢ electron
7 ciia AC rét thich hop dé hip phu cac hop chit c6 do phan
cuc thap va chita vong thom nhu cac POPs [8]. Tuy nhién,
do tinh hip phu linh hoat va da dang, AC c6 kha niang hip
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phu nhiéu hop chit khac nhau trong dung dich. Do d6, can
phai bién tinh AC dé thic ddy qué trinh hip phu co chon
loc cac POPs. Bién tinh AC bang kim loai chuyén tiép la
mot trong nhitng phwong phap phd bién co thé lam ting
kha nang hip phu ciia AC. Vi du: pha tap cac kim loai (Cu,
Co, Fe, Ni, Zn va Mg) lam ting déng ké hiéu qua hap phu
ciia AC ddi voi 2,4-D [9]. AC bién tinh béi cac hat nano
magnetite Fe,O, thé hién kha nang hap phu t6t hon 60% so
voi1 AC nguyén chat ban dau [10].

Trong bai bao nay, ching t6i trinh bay két qua nghién
ctru 1y thuyét vé sy hip phu cua 2,4-D trén AC va AC-M.
Trong d6, Fe dai dién cho kim loai chuyén tiép duoc sir
dung twong ddi rong réi trong xir Iy POPs [5, 10] va Ag dai
dién cho nhom xuc tac kim loai quy, tuong dbi ben veé mat
hoéa hoc. Két qua thu dugc cung cp thong tin vé kha ning
tuong tac gitta 2,4-D va AC, AC-M ¢ cap do phan tir, gop
phan cung cap nhitng thong tin hitu ich cho viéc thiét ké va
téng hop cac vat liéu dugc ap dung trong xir Iy POPs.

Mo hinh va phuong phap tinh toan

Mé hinh AC duoc xay dung dya trén hinh anh hién
vi dién tir truyén qua (TEM) [11]. M6 hinh nay chira 134
nguyén tu, chu yeu 1a cac vong carbon 6 canh, c6 mot s6
vong carbon 5 va 7 canh dé biéu thi céac khuyet tat trén bé
mit [12]. Cac nguyén tir bién trén bé mit AC dugc bdo hoa
hoa tri bang cac nguyén tir hydrogen.
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Abstract:

Extended tight-binding quantum chemical method
(GFN2-xTB) was performed to investigate the
adsorption of 2,4-dichlorophenoxylacetic acid (2,4-
D) on activated carbon (AC) and AC modified by Fe
or Ag (AC-M). Electronic properties of the studied
systems were estimated via vertical ionisation potential,
vertical electron affinity, and global electrophilicity
index. Adsorption energy, population analysis, and
geometrical parameters were calculated to -clarify
the adsorption ability of AC and AC-M. The results
indicated that the introduction of metal atoms to AC
substantially enhanced the adsorption ability for 2,4-
D. The adsorption mechanism changed from physical
adsorption (on AC) to chemisorption (on AC-M). The
influence of different solvents (water, methanol, and
acetonitrile) on the adsorption process was studied via
an Analytical linearized Poisson-Boltzmann algorithm.

Keywords: activated carbon, adsorption, GFN2-xTB,
metal doping, 2,4-D.
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Tét ca céc tinh toan toi wu hoa va nang lugng dugc thuc
hién bang phwong phap phiém ham mat do lién két chat
mo rong (GFN2 xTB) [13]. Néng luong thu duoc tir GFN2-
xTB bao gdm: ning luong ddy giita cac cip nguyén tir (E, )
phan tan phu thudc vao mat do (E,_ A Huckel kiéu mo
rong (E, ), tinh dién dang hudng va trao d6i dang hudng
(E ms+1xc) tinh di¢n di hudéng (E, ), trao d6i di huéng E
va the nang hoa hoc cua electron (G, ).

E= Erep * Edisp+ EEHT * EIES+IXC+ EAES + EAX

AXC

TG (D

Fermi

Cac phép toan dugc thuc hién ¢ nhiét do electron 1a 300
K, tiéu chuéan vé hoi tu nang luong la 0,1x10 Hartree va
hoi ty ham séng 1a 0,1x1073 e. Cac dac tinh electron ctia cac
hé nghién ctru dugc danh gia thong qua nang luong ion hda
(IP), ai luc electon (EA) va chi sb electrophin toan phan
(GEI). GEI dugc tinh theo cong thic sau:

(IP+EA)? )
8(IP—EA)

GEI =

Vén dé xac dinh cac cau hinh hip phu t6i wu, cling nhu
viée xac dinh cuc tiéu toan ph?ln ctia mot cAu trac ludn 1a
van dé duoc quan tim dic biét trong nghién ciru 1y thuyét
do murc d6 phtrc tap ctia n6. Trong nghién ciru nay, dé xac
dinh vi tri hap phu thuan loi nhat khi dua cac kim loai Fe,
Ag 1én trén AC hodc hip phu 2,4-D trén AC va AC-M, ciing
nhu cdu tric c¢6 ning lugng thip nhit (cuc tiéu toan phan
dbi voi 2-4 D), chiing t6i tién hanh nhu sau: trudc tién, mo
phong siéu dong luc hoc mo rong (meta-dynamic - MTD)
két hop véi truong lyc ¢b dién va bd sung budc chuyén giao
ma trdn z-GC (genetic z-matrix crossing) duoc sir dung dé
“lay mau” (sampling), tao ra cac cdu triic co ning luong
thip (khoang 200 cau triic dugc tao ra). Cac cdu trac co
nang lugng thép nhét s& dugc lva chon dé t6i uu hoan toan
sau d6 bang GFN2-xTB. Thuét toan MTD két hop ma trén
z-GC (iMTD-GC) dugc tich hop v6i phin mém CREST
(ma ngudn mé GFN-Xtb) di dugc chirng minh 14 mot cong
cu hi¢u qua trong xac dinh céac vi tri hép phu tdi wu, cling
nhu cac cuc tiéu toan phan, dic biét 1a ddi v6i cac phan tir
hiru co [14, 15].

Ning luong hip phu duge tinh theo cong thirc sau:
E . =E; -E....  -E ... . 3)

chu hinh hap phy ~ —chat hap phy chét bi hép phu

Anh hudng cua dung moéi dén qua trinh hip phu duoc
danh gia bang cach sir dung thuat toan phan tich tuyén tinh
Poisson-Boltzmann [16].

Keét qua va thao luan

Céu triic hinh hoc va tinh chat electron ciia 2,4-D, AC,
AC-M

Hinh 1 trinh bay cdu trac t6i wu cta 2,4-D va AC. Két
qua tinh toan cac thong so dugc thé hién ¢ bang 1.
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(A) (B)
Hinh 1. CAu trac téi wu ctia 2,4-D (A) va AC (B).

Bang 1. Cac két qua tinh toan céu truc va dic tinh electron cho
2,4-D va AC bing GFN2-xTB.

(A)

(B)
Hinh 2. CAu tric téi wu ctia AC-M. (A) AC-Fe, (B) AC-Ag.

Bang 2. Cac théng s6 tinh toan cho AC-M (M = Fe, Ag).

Thong sb GFN2xTB  Tai li¢u tham khio
2,4-D

d(C6-014) (A) 1,359 1,378°[17], 1,369 [18]
d(C12-014) (A) 1,401 1,421 [17], 1,413 [18]
<C12C13015H19 (do) 178,4 1807 [18]
<O16CI13015H19 (d6) 04 07 [19]

IP (eV) 8,544 =

EA (eV) 0,004 -

GEI (eV) 1,069 -

AC

IP (eV) 5,384

EA (eV) 3372

GEI (eV) 4,763

Ghi ch: ": tinh cho phenoxyacetic acid; ": tinh theo phuong phap phiém ham
mat do (DFT) véi by ham co s& aug-cc-pvqz/6-311++G(3df, 2p); ™: tinh theo
phuong phap DFT véi bo ham co s& B3LYP/6-311G™; d: dd dai lin két; <: goc
lién két.

So sanh két qua tinh toan bang GFN2-xTB véi céc tai
liéu tham khao cho thay, tinh chinh xac va phu hop cua
phuong phap nay doi véi cac hé dugc nghién ctru.

Méi twong quan giira kha ning nhan electron cia 2,4-D
va AC c6 thé duge danh gia dua trén cac gia tri I[P, EA va
GEIL Do AC c6 gia tri GEI cao hon, nén AC c6 xu hudng
nhén electron dé dang hon 2,4-D. Tuy nhién, do ning luong
ion hoa cua 2,4-D cao hon dang ké so v6i AC, nén su
chuyén electron tir 2,4-D sang AC théng qua twong tac vat
ly 1a khong thuén lgi.

Viée dua cac nguyén tir kim loai 1én bé mit AC c6 thé
gdy ra nhiing thay d6i dang ké trong ciu trac va tinh chat
electron cua vat li€u. Vi tri thuén loi khi pha tap nguyén ti
Fe/Ag vao AC dugc xac dinh bang thuat toan MTD-GC két
hop v6i GFN2-xTB nhu di trinh bay ¢ trén. Cac cau tric
duoc tdi wu hoa va céc thong s6 dugce tinh toan cho AC-M
dugc trinh bay ¢ hinh 2 va bang 2. Tuong tac giita kim loai
va AC dugc déc trung boi nang luong tuong tac (E) cua
AC-M va duoc tinh theo cong thurc sau:

E. = E oy - Ei By “)

f Al
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Théng sb AC-Fe AC-Ag
E, (kJ mol) -384,87 -131,85
d_‘(M-AC) (A) 2,324 2,468
BO **(M-AC) 1,803 1,238
qM)** (e) +0,425 +0,314
IP (eV) 5,415 5272
EA (eV) 3,465 3,362
GEI (eV) 5,052 4,878

Ghi cht: ": khoang cach nhé nhét ttr M dén AC; ": BO Ia tong béc lién két Wiberg
gitba M va AC; ™": dién tich theo thang Mulliken trén nguyén tcr M.

RO rang, su tuong tac gitta M va AC 1a thuan lgi vé mat
nang luong do céc gia tri E, déu am. Ca Fe va Ag déu co vi
tri hép phu thuan loi nhét trén vong 7 canh trén bé mat AC.
Can luu y r?mg, su ton tai cta céc vong 5 va 7 canh mo ta
cac khuyét tat trén bé mat AC [12]. Cac vi tri khuyét tat nay
déu hoat dong manh hon cac nguyén tir carbon trong vong
6 canh [11]. Phan tich cac gia tri bac lién két cho théy co su
hinh thanh lién két hoa hoc giita cic nguyén tir Fe/Ag va C
cia AC. Ngoai ra, co su chuyén dich dién tich dang ké tir
cac nguyén tir kim loai sang ciu triic AC. Do d0, c¢6 thé két
luan twong tac gitra Fe/Ag vai AC 1a twong tac hoa hoc. Hon
nira, so sanh céc gia tri E, BO va q (M) cua AC-Fe va AC-
Ag d& dang nhan thiy tuong tic giita Fe véi AC manh hon
tuong tac gitta Ag voi AC.

Do tuong tac hoa hoc, cac dac tinh ctia hé¢ AC-M duoc
cho 14 s& khac voi AC ban dau. That vay, su cd mat cla cac
nguyén tur kim loai da lam tang gia tri GEI cua AC, do do
AC-M dugc dy doan sé c6 kha nang nhan electron cao hon
s0 v&i AC ban dau va kha ning hap phu ciia AC-M c6 thé s&
duoc cai thién dang ké.



Hd'p phu cia 2,4-D trén AC va AC-M

Céc cu hinh hép phuy t0i wu ctia 2,4-D trén AC va AC-M
dugc trinh bay ¢ hinh 3 va 4. Céc thong s0 tinh toan cho cac
cau hinh hap phu nay dugc trinh bay ¢ bang 3.

(A) (B)

Hinh 4. Hap phu 2,4-D trén AC-Fe va AC-Ag. (A) 2,4-D/AC-Fe; (B)
2,4-D/AC-Ag.

Bang 3. Két qua tinh toan cac théng sé cho cau hinh hap phu 2,4-D
trén AC va AC-M (M = Fe, Ag).

Thong ) 2,4-D/AC 2,4-D/AC-Fe 2,4-D/AC-Ag
E, (Kmoll)  -827 -333,5 2676
d_*(A) 2,714 2,150 (Fe-O) 2,406 (Ag-0)
q(2,4-D)" (e) 20,012 +0,213 +0,329
BO™ 0,000 1,149 0,646
Ghi ch: ": khoang cach nhé nhét tir 2,4-D dén chat hap phuy; ™: dién tich theo

thang Mulliken trén 2,4-D; ™
hép phu.

: tdng bac lién két theo Wiberg gitra 2,4-D va chét

Dbi véi su hap phu 2,4-D trén AC va AC-M, thong qua
gid tr1 E . co thé nhan thay qua trinh hép phu nay la thuan
loi vé mat nang luong. Khoang cach ngin nhat tir 2,4-D dén
AC tuong ung v6i khoang cach C-H 1a 2,714 A, 16n hon
dang ké so vai tong ban kinh cong hoa tri ctia cac nguyén tir
(ban kinh cong héa tri cia H1a 0,32 A, cia C 12 0,75 A). Su
chuyén dién tich tir AC sang 2,4-D 1a khong dang ké (0,012
e). Hon nita, khong c6 sy hinh thanh lién két héa hoc gitra
AC va 2,4-D (BO=0). Do d6, su hip phu 2,4-D trén AC
duoc coi la sy ha"ip phu vat 1y.

Viéce bién tinh AC bang Fe va Ag da cai thién dang ké
kha nang hip phu 2,4-D. Ning luong hap phu va gia tri d
dbi voi hap phu 2,4-D trén AC-M vé co ban thip hon déng
ké so voi AC. Ngoai ra, c6 su chuyén dich dién tich dang
ké tir 2,4-D sang AC-Fe va AC-Ag. Két qua nay hoan toan
phut hop véi két qua tinh chi s GEI di trinh bay & trén.
Tuong tac manh gitra AC-M va 2,4-D dugc gidi thich 1a do
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su hinh thanh cac lién két hoa hoc gitra kim loai hoat dong
M dugc gin trén AC va phan tir 2,4-D. Tong bac lién két
duoc hinh thanh gitta 2,4-D va AC-Fe, AC-Ag lan luot 1a
1,149 va 0,646. Do do, sy héip phu 2,4-D trén AC-M Ia hép
phu hoéa hoc.

Khi nghién ctru vi tri hap phu wu tién ctia 2,4-D trén AC-
M, mét diéu can luu ¥ 1a sy hdp phu phan tir 2,4-D duoc wu
tién dinh huéng song song voi bé mit AC chira cac vong 6
canh. Sy dinh hudng nay thuén l¢1i, boi ngoai twong tac hoa
hoc dugc hinh thanh véi cac vi tri hoat dong cta kim loai
(néu co), con co6 thém tuong tac xép chdng n-7, dic trung
cho tuong tac gilra cac vong thom [20].

Anh hwéng ciia dung moi

Két qua tinh toan trén di minh hoa rd kha niang hap phu
manh cua hé¢ AC-Fe va AC-Ag. Tuy nhién, trong thuc té,
cac qua trinh hap phu thuong dién ra trong dung dich. Vi
vdy, can khao sat anh hudng cia dung méi dén qua trinh
hap phu.

Bang 4 trinh bay cac két qua tinh toan ddi v6i sy hip
phu 2,4-D trén AC-Fe va AC-Ag trong cac dung mdi nudc,
methanol va acetonitrile. Céc tinh toan trong su c6 mét cta
dung moi ciing duoc thyc hién bang phan mém GFN-xTB.

Bang 4. Anh hwéng cia dung méi dén qua trinh hap phu 2,4-D trén
AC-Fe va AC-Ag.

2,4-D/AC-Fe 2,4-D/AC-Ag

Trong nuéc
E,, (kI mol") -199,5 -257,3
d_ (A 2,062 (Fe-Cl) 2,408 (Ag-0O)
BO 0,707 0,723
q(2,4-D) (e) +0,232 +0,413
Trong methanol

E,, (k] mol™) -314,9 -237,9

d_ A 1,927 (Fe-O) 2,411 (Ag-O)
BO 1,212 0,710
q(2,4-D) (e) +0,345 +0,402
Trong acetonitrile
E,, (k] mol™) -333,4 -236,7
d_. (&) 1,865 (Fe-O) 2,410 (Ag-0)
BO 1,245 0,697
q(2,4-D) (e) +0,301 +0,392

Két qua bang 4 cho théy, kha nang hép phu cua phy 2,4-
D trén AC-Fe va AC-Ag giam khi c6 mat cua dung moi.
Su giam dang ké dugc quan sat thay trong dung mébi nude.
Diéu nay dugc giai thich 1a do 2,4-D tan tét trong nudc va
céc dung méi hitu co [3]. Hon nita, tinh ky nudc ciia bé mat
AC ciing lam giam dang ké kha nang hap phu 2,4-D trong
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nude. Mot diém can luu ¥ 13, khi c6 mit cua dung méi nuéc,
gia tri nang luong hap phu 2,4-D trén AC-Ag lai thap hon
dang ké so voi trén AC-Fe, tirc 1a nguoc v6i xu hudng trong
pha khi. Diéu nay chwa duogc giai thich va lam rd trong cac
tai liéu tham khao, doi hoi cac nghién ciru sau hon vé anh
hudng ctia dung mdi t6i cu tric electron cling nhu tinh chat
cua vat liéu.

4 ~
Két luan

Trong nghién ctru nay, GFN2-xTB dugc st dung dé
khao sat kha nang hap phu 2,4-D ctia AC va AC-M (M = Fe,
Ag). Két qua tinh toan cho thay, viéc pha tap cac nguyén tir
kim loai trén bé mat AC da gdy anh hudng dang ké dén tinh
chat electron cua vat liéu, tir d6 cai thién kha nang hap phu.
Su hip phu 2,4-D trén AC nguyén chét 1a hap phu vat 1y.
Trong khi d6, qua trinh hap phuy trén AC-M dugc coi 1a qua
trinh hap phu héa hoc, 1a két qua ctia sy hinh thanh céc lién
két cOng hoa tri giita cac tam kim loai va 2,4-D. Su c6 mat
cua cac dung moi nhu nudc, methanol va acetonitrile lam
giam kha ning hap phu cua vat li¢u. Trong sé cac vét ligu
dugc nghién ciru, AC-Fe dugc coi 1a tng ctr vién tiém ning
nhat dé hip phu 2,4-D hiéu qua. Nghién ctru nay co thé cung
cép thong tin hitu ich cho viéc phat trién va thiét ké cac hé
vét liéu hiéu qua dé xu 1y 2,4-D.
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