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Tém tit: Tiép sau bai bdo “Khao sat cu triic dan xuat clo ciia phan tir Blsphenol A bang 1y thuyét
phiém ham mat d6” [1] chiing t6i tiép tuc trinh bay két qua nghién cuu mot s6 dan xuat chira brom
ctia Bisphenol A trong pha khi. Trong nghién ctru nay chiing t6i van tiép tuc sir dung Ly thuyét
phiém ham mat d6 (DFT) v6i cdic ham MO06 Hybridmeta - GGA st dung bo ham co so&
DGAUSSDZVP va TZVP keém theo la b ham DGA1 va TZVPfit mat d§ tuong thich. Cac tinh
todn tap trung tim cach tdi wu héa vé cdu triic cdc phan tir, céc tan s6 dao dong va cdc gid tri ning
lwong obitan v&i do chinh xdc phit hop. Két qua thu dugc da chi ra rang phuong phap M06 da mo
ta chinh xdc cdu hinh phn tir cia cd 4 dan xuit brom cta bisphenol A. Phan bd mat do dién tich
tinh duoc cho thay ro rang sy thay dbi vé mat do dién tich ctia phén tir khi dwa nhém thé brom vao
phén tir so voi chua thay thé. Cac két qua thu dugc 6 thé sir dung dé ban ludn vé co ché céc phan
(g thay thé brom vao phan tir bisphenol A va giai thich cdc két qua thu duoc tir cdc nghién ciru

thuc nghiém.

Tir khéa: Bisphenol A, Ly thuyét phiém ham mat d6 (DFT), ham M06 Hybridmeta — GGA.

1. it véan dé

Bisphenol A (BPA) 1a hop chét hitu co chta
hai nhém phenol c6 cong thic (CH;)-
,C(CsH,OH), [4,4'-dihydroxy-2,2-
diphenylpropane] dugc st dung rong rai trong
san xuit polycarbonate va nhua epoxy. BPA
con dugc su dung nhu chit lam én dinh hay
chéng oxi héa cho nhiéu loai chét déo (plastics)
nhu PVC, v.v... Cdc san phim nhya lam tir
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BPA thuong trong suot cung va duoc su dung
nhiéu trong san xudt cic hang héa tiéu dung
thong thuong nhu binh sita cho tré em, thiét bi
thé thao, dia CD va DVD, v.v...[1,2]. Tuy
nhién thoi gian gan ddy dd c6 nhiéu nghién ctru
khuyén céo tic hai cua BPA dbi voi co thé con
nguoi [3,4]. Mot sO nghién ctru chi ra ring BPA
1a chat gay trc ché noi tiét hay dong vai tro nhu
chat gia hocmon dan dén rdi loan noi tiét trong
co thé, gép phan gia ting rai ro ddi voi cic
bénh lién quan dén tim mach, béo phi [5], 4nh
huong kha ning phat trién tri ndo cla tré em
[6]; tham chi lam gidm d§ nhay cdm dbi véi céc
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bénh nhin dang st dung bién phédp hda tri li€u,
anh huong hoat dong tuyén tién liét, gy ra ung
thu v, u nang budng trimg ...[7]. BPA tu do ¢6
thé thoi nhiém ra thuc phém tor cdc vat dung
duogc 1am bang nhwa ¢6 ngudn gdc tir BPA dudi
tac dong cua nhiét do, thoi gian [4]. Khi tan
trong nu6c, BPA dé dang phan tmg véi brom tur
do trong nudc (tén tai & dang hipobromua) tao
thanh cdc dan xuit brom ctia BPA [8,9]. Chinh
vi ¢6 nhiéu tic dung phu cua cdc san pham sir
dung BPA ma nhiéu nghién ctru gan ddy da tim
ra chit thay thé BPA hoic céc hing san xuét do
dyng phai céng bd trong san pham khéng c6
BPA tu do.

Trong khu6n kho bai bdo, ching t6i tién
hanh khao sét céu triic phan tir ciia 4 dan xuat
brom ciia BPA bang cdc tinh to4n i thuyét héa

2-bromo-4-[2-(4-hydroxyphenol)propan-2-yl]phenol

Phén tir cha 1 Br (I)

2,6-dibromo-4-[2-(3-bromo-4-
hydroxyphenyl)propan-2-yl]phenol

Phan tr chura 3 Br (III)

luwong tir. Viéc xem xét chu tric cia BPA trong
mang tinh thé [10] gitip ching t6i xdy dung cau
tric ban dau cho phéan tir BPA dang tu do. Qué
trinh tinh toan lugng tir dugc thyuc hién theo cac
budc: tdi uu héa cau hinh va xdc dinh tan s6
dao dong mg véi ciu hinh t&i uu da xdc dinh
dugc. Tbi wu héa cau hinh nhém xédc dinh céu
hinh tng véi trang thai cuc tleu ‘nang luong
phan tir dé thu dwoc céc thong s cdu tric, ning
lugng obitan phan tir va mat d¢ dién tich, nang
lugng obitan phan trt HOMO- LUMO, momen
ludng cuc, nang lugng toan phan. Muyc dich cua
nghién ciru nay 1a tién d& dé ching t6i tiép tuc
thyc hién cdc nghién ciru sdu hon dé xdy dung
mbi lién hé dinh luong gifta cdu tric phan tir
md phong va hoat tinh sinh hoc ciia BPA va céc
dan xuat cia né.

2,
Br! p ‘
HO

2,6-dibromo-4-[2-(4-hydroxyphenyl)propan-2-
yllphenol

Phan tir chira 2 Br (IT)
Br ! %, ‘ Br
O OH
Br Br

2,6-dibromo-4-[2-(3,5-dibromo-4-
hydroxyphenyl)propan-2-yl]phenol

Phén tir chtra 4 Br (IV)

Hinh 1. Céc dan xuét chira ctia BPA.

2. Phwong phap nghién ctiru

Céc tinh toan duoc thyc hién dya trén ly
thuyét phiém ham mat d§ (Density Functional

Theory- DFT). Viéc t6i wu héa cdu hinh xdc
dinh cyc tiéu toan cuc duoc thuc hién béi
phiém ham lai héa Meta GGA — phiém ham
MO6 [11]. BO ham co s DGAUSS da duoc
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hiéu chinh la DZVP (Double-Zeta Valance
Polarization) [12], va TZVP (Triple-Zeta
Valance Polarization) [13] dugc st dung nhim
lam giam thoi gian tinh toin ma van cho két
qué toi wu nhat. Cdc bd ham co so DZVP va
TZVP duogc hiéu chinh bé‘ing cach dua thém
vao by ham géc cic tép mat do co s& md
phong DGAT1 [11] (v6i ham co s DZVP) va

3. Két qua va thao luan
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TZVPfit [14] (v6i bd ham co s& TZVP) da
dugc tich hop trong phién ban Gaussian 09.
Tat ca céc cau hinh phan tur t6i wu ng voi
trang thdi cyc tiéu toan cuc dugc xdc dinh
bang viéc phan tich céc tin sé dao dong diéu
hoa va céc tiéu chuin hoi ty tich hop san
trong phan mém Gaussian 09 [15].

Hinh 1. Phan tor monobrom bisphenol A (I).

Theo két qua thu dugc bang phuong phéap
MOG6/TZVP phén tir BPA va cdc dan xuét brom
ctia n6 déu c6 céu tric khong gian hinh "cdnh
quat” v&i hai vong benzen phan bd gn nhu so
le nhau (Hinh 1). Cic géc X0dn gifta hai mat
phéng vong benzen 1an luot la: C,5C,(C,Cy =
131.1° va C5C4C,Cyp = 133.8° d6i vai phan
tr monobrom bisphenol A (Hinh 1). Céc

théng sd cau triic tng véi cdu hinh tdi wu
ctia cdc phan tir khao sat (46 dai lién két, géc
lién két) duoc trinh bay trong Bang 1. Cac
gid tri nay dugc so sdnh v6i céc thong so céu
tric cta phan tir BPA va phan tir dan xuat cua
BPA chtta 1 Clo cling dugc tinh todn cung
phuong phap [16].

Béang 1. Mot $6 thong $6 duoc lua chon tur cAu hinh d4 t6i vu ctia BPA va 4 din xuét
cuia qud trinh brom héa véi BPA M06/TZVP

Phan ti chira

D) dai lién két/Géc lién két BPA ' 1 n o Iv 1 clo 19
1(Cpnenyl — Cpheny1) 1394 1395 1.393 1.394 1.394 1.394
1(Crnety1 — Cpheny1)” 1510  1.528 1.527 1.528 1.528 1.527
1(Crnetyi— Crneryt) 1528 1.532 1.534 1.533 1.533 1.534
1(Cpnenyi= 0) 1376 1363 1351 1351 1345 1.358
1(Cpneryt — H)' 1.116 1096 1.096 1.096 1.095 1.095
1(Cpneny1 = H) 1.098 1.085 1.086 1.089 1.089 1.088
ZChpenyi— Copenyi— O 116.6 1177 117.9 119.0 1193 118.1




V.V. Pat va nnk. / Tap chi Khoa hoc PHQGHN: Khoa hoc Tu nhién va Cong nghé, Tap 32, $6 1(2016) 38-46

41

Z£Cppeny— O —H 107.8
r(Cphenyl - Br(1) )
r(Cphenyl - Br(Z))

r(Cphenyl - BI'(3))
r(Cphenyl —Bry)

ZCr)henvl - thenvl - Br(l)
ZCr)henvl - thenvl - Br(Z)
écnhenvl - CDhenvl — BI‘(3)
écnhenvl — CDhenvl - Br(4)

108.9
1.908
1.908

108.8
1.895
1.894
1.908

108.8
1.894
1.906
1.893
1.906
119.5
118.2
118.9
118.2

119.5
118.8

119.5
118.7
118.2

* Gid tri trung binh cua lién Kkét (A)

Tir bang 1 ¢6 thé nhan thay rang khuynh
huéng thay déi cic thong s6 cau tric so voi
phan tir BPA cua cdc dan xuét brom ciing twong
tu nhu voi cde dan xuét clo [16]. Do dai lién két
I.((jphenyl - Cphenyl) I.((jphenyl H) trong Vong
benzen thay d6i khong dang ké khi thé cic
nguyén tir brom vao vong benzen cua phan tu
BPA chimng to vong benzen c6 céu tric khd 6n
dinh va khdng bi 4nh hudng bdi sy cd méit cla
cac nhém thé khéc. Déi voi nhém CH; trong
qua trinh t6i wu héa cdu hinh van giit nguyén
d6i xtng khong gian 1a Cs,. Céc thong s6 cau
tric Cret — CPhenyl, Cieyt — H cling thay do;
khong dang ké va khong phu thudc vao so
lugng phéan tir brom. Lién két Cppeny — O giam
theo chidu hudng ting nguyén tir brom trong
phan tir khao sat (gidm 0.031 A d6i vei phén tu
chta 4 brom (IV)). Sy thay doi nay la do mat
d6 phan bd electron trong phin tir ting xut
hién su day giita 16p vo electron ciia nguyén tir
brom (4s°3d'%4p’) véi 16p vo electron cua
nguyén tir oxy (2s*2p*) 1am cho lién két C - O
trong cdc phan tr khao sit bi "ngin" lai, géc
lién két Cphenyl - Cphenyl — O cling vi thé ma thay
d6i tang dan theo sb luong brom trong vong
benzen (1.10° — 2.719). CAu tric coa phéan tr
BPA xdc dinh bang phuong phip MO6/TZVP
rat gan voi cdu tric ciia BPA trong mang tinh
thé xdc dinh bang phuong phdp X-ray ¢ nhit
do 115 K [10]. Diém khac biét duy nhat 1 géc
x04n gitra hai mat phang vong benzen. Déi voi
BPA ton tai ¢ trang thdi ran [10], phan t&r chiu
su tuong tdc cua cic phan tir khic trong mang
tinh thé nén cdu tric khong gian bi thu hep lai
din dn hai gbc xodn C;5C10CoCs va

C5C4C,Cyp c6 gid tri nho hon so voi cua phan
tr tw do dugc xdc dinh bing phuong phép
MO6/TZVP. Bé so sanh v6i phén tir dan Xuat
clo, trong Bang 1 ¢6 dua vao céc thong sO chu
tric cua phén tir chira 1 clo. Nhan thdy rang cdc
thong sb cau tric cua 4 dan xuit brom rat gin
v6i cta dan xuat clo (Bang 1). Cac khuynh
hudng thay do6i cau tric & dan xuét brom va din
xuét clo ciing glong nhau. Nhu vay tu nhiing
phan tich cdc két qua thu duoc tir tinh todn 1y
thuyét c6 thé ndi rang cau tric mach chinh cua
BPA rit gin véi cAu tric mach chinh cua cic
dan xuat brom va clo hay néi cach khéc viéc thé
nguyén tir H bang cdc nguyén tir clo, brom vao
vong phenyl khong anh huong dén ciu tric
khong gian ciia BPA néi chung. Ciu tric cua
cidc dan xuat clo va brom rit gan nhau. Diéu
nay rat quan trong vi sy tuong dbng trong chu
tric quyét dinh phan 16n su tuong dong vé tinh
chat héa hoc va tinh chat vat 1y cua céc chat
Day ciing 1a tién dé dé ching toi thao ludn tiép
vé co ché phan tng tao ra cic din xuét clo va
brom trong dung dich & nhimg bai bdo tiép
theo. Trong khudn kho bai bdo nay, chiing toi
chi danh gia sy thay doi hai mic ning luong
obitan phan tt HOMO va LUMO (Bang 2).

C6 thé thiy rang murc nang luong HOMO
va LUMO trong dan xuat cua brom gidm so véi
phan tir BPA khi sd lugng brom trong vong
benzen tang 1én (Hinh 2). Khuynh huong nay
cing giong nhu voi trudng hop cua cdc dan
xuat clo [16]. Khi mitc ndng lugng HOMO
giam thi gid tri MIP (Molecular Ionization
Potental) s€ tang. Nhu vay su Xuét hién cua cac
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nguyén tor nhom halogen (clo, brom) s& lam
tdng kha nang ion héa cic dan xuat halogen cta
BPA.

Béng 2. Cac thdéng s lugng tir thu duge bang
phuong phap MO6/TZVP

Phan tt Egomo (€V) Epumo (eV) n (Debye)

BPA -5.92 -0.51 242
I -6.33 -0.62 2.57
II -6.49 -0.79 1.22

I -6.58 -0.94 3.66
v -6.69 -1.12 0.36

HOMO ‘1 "‘ , e

‘1 ‘J*'

LUMO ‘w oy

) 1y

Theo gid tri tinh todn thu dugc bang phuong
phidp MO6/TZVP thi nang lugng phan tir cla
dan xuit 4 brom 1a nho nhét. Nhan thiy ring
ning lugng phan tir cang giam khi s6 lwong
nguyén tir brom c6 trong phan tir khdo sat cang
16n. Nhu vay chung to do bén cua céc phan tr
dugc khao sat ciing ting khi s6 lugng nguyén tur
brom trong phén tir tang 1én va dan xuat phén tir
chira 4 brom 1a bén nhit so véi BPA va 3 dan
Xuat con lai. Gia tri m6 men ludng cuc khac
biét kha rd véi gia tri cao nhét dat dugc & phan
tir chira 3 brom cho thay cau tric bat déi ximg
phan tr (Bang 2).

5; 3 ; 4 " 2}2:
% “‘ - A
& Y-

1I) (Iv)

Hinh 3. Hinh dang va vi tri dinh xr caa HOMO va LUMO trong céac din xuét ctua BPA.

Hinh 3 trinh bay vé hinh dang va vi tr dinh
XU cua céc obitan phan tt HOMO va LUMO
trong ca 4 din xuat brom. Cic obitan phan tir
HOMO c6 khuynh huéng dinh chd xung quanh
céc nguyén tir brom, noi c6 dién tich riéng phan
16n. Trong khi d6, céc obitan phan todt LUMO lai
c6 khuynh huéng phan bd huéng vé xung
quanh cidc nhém nguyén to nhu —-OH, hay —
CH;, 12 nhitng khu vuc c6 dién tich riéng phan
nho nhat. Sy phan bb nhu vay s& anh hudng dén
kha nang phan ung cua cdc ddng phan khi céc
tdc nhan tan cong c6 dinh hudng khic nhau dén
cac tam phan ng cua phan tir. Sw khic biét nay
c6 nguyén nhan tir su thay doi vé mat do dién

tich ciia phan tir cia nhém thé brom khi duoc
dua vao phan tu BPA.

Béng phuong phap MO6/TZVP chiing toi di
thu duoc sy phan bd dién tich trén nguyén tir
cacbon trong vong benzen ctia BPA va cdc dan
xuét halogen cia né (Bang 3). C6 thé thy rang
sy xuét hién ciia cdc nguyén tir nhém halogen
s€ lam cho electron trong vong benzen bi phén
b6 lai dan dén sy thay doi mat do dién tich trén
cdc nguyén tor cacbon trong vong. Thong
thuong trong phan Ung giita cic hop chét chira
nhém OH véi tic nhan hipobromo (HOBT),
HOBr phéan tmg theo co ché electrophin vao
vong thom. Két qua phan tich mat d¢ dién tich
cho thiy trong phén tir BPA hai vi tri C3va Cy,
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mang dién tich riéng phan nho nhét 1an luot 1a -
0.216 va -0.211 vi thé khi tham gia phan tng
brom héa hai vi tri nay s& uu tién thé brom hon
S0 V6i cdc vi tri khdc, va kha ning thé brom ¢
hai vi tri nay 1a twong dwong nhau vi sy chénh
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léch dién tich riéng phan cia Cs va Cy la rat
nho. Trong phan tinh todn luong tr ching toi
gia dinh brom thé vao vi tri C; dé tao thanh
monobrom bisphenol A (I) (Hinh 4).

Bang 3. Phan bé dién tich trén nguyén tir cacbon trong vong benzen ciia BPA va cic dan xuét halogen

MO6/TZVP
BPA I m  x qv Phantichia
1 clo

C2 -0.091 -0.220 -0.041 -0.091 -0.045 -0.221

C3 -0.216 -0.161 -0.156 -0.140 -0.120 -0.095

C4 - -0.502 -0.159 -0.141 -0.202 -0.272

Cs5 -0.155 -0.380 -0.318 -0.163 -0.110 -0.235

Co -0.088 -0.317 -0.105 -0.055 -0.066 -0.183

C17 -0.083 -0.323 -0.010 -0.022 -0.045 -0.179

C18 -0.096 -0.238 -0.142 -0.0961 -0.066 -0.194

C19 -0.159 -0.380 -0.144 -0.080 -0.110 -0.254

C20 - -0.507 -0.155 -0.211 -0.202 -0.294

C21 -0.211 -0.455 -0.148 -0.148 -0.120 -0.281

-0.216 -0.091 -0.096 -0.159 B 0.220 0.238 -0.380
C +—C>» C1s—Cyg —c C1g—C
\ \ 2\ 18 19
O—C / \/ / \/Czo_OH HO—C4// \/01 / \\ 20——OH
C5—Cs C17—Ca; Cs—Ce C17—Ca:
0.155 -0.088 -0.083 0211 -0.380 -0.317 -0.323 -0.455
4,4 — propane-2,2-diyl)diphenol
Phéan tir BPA
Cl
0221 019 0254
/Cg:CQ Cip=—C4 9
\
HO—C\ //C‘I \ /Cau
Cs—Cq
-0.235 -0.183 -0, l'f() —0‘28]

3-chloro-4-[2-(4-hydroxyphenol)propan-2-yl]phenol
Phan tir chira 1 Clo

Hinh 4. Mat d¢ dién tich trén cdc nguyén tir C trong vong phenyl ctia cdc dan xuit brom cta BPA.

Céc phan tng thé nguyén tir H bang nguyén
t&r brom tao dibrom bisphenol A (II), tribrom

bisphenol A (III) theo co ché electronphin tiép
tuc xdy ra ¢ nhitng vi tri ma nguyén tr cacbon
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mang dién tich riéng phan 4m nhit. Phan tir
chra 2 nguyén tir brom nay tiép tuc phan tng
v6i tic nhan hipobromo, phan tng thé
electrophin nguyén tir H bang nguyén tir brom
tai nguyén tir Cy9 hodc Cs hinh thanh phan tu
tribrom bisphenol A (Phan tir chira 3 nguyén tir
brom). Thyc nghiém [9] ciing cho thdy kha
nang hinh thanh ca phéan ti tribrom bisphenol A
tai ca hai vi tri trén. Trong cdu hinh phén tir
ching t6i thu dugc, dién tich ri€ng ph?ln tai vi
tri nguyén tir C1o nho hon dién tich riéng phan
tai nguyén tir Cs bai thé, ching t6i du dodn cu
hinh ciia san pham chinh cta phan tng brom
héa phén tir dibrom bisphenol A s& 1a san pham
cua phan ung thé tai vi tri Cyo va dan xuét brom
cudi cling ctia qué trinh brom héa bisphenol A
1a phan tr tetrabrom bisphenol A (Phan tir chira
4 nguyén tir brom). So sdnh sy phan bd dién
tich trong vong benzen cua monobrom
bisphenol A (I) véi monoclo bisphenol A ¢6 thé
thdy rang cic nguyén tir cacbon trong vong
benzen cua dan xuit brom mang dién tich riéng

phan 4m hon so véi cua cdc dan xuét clo (Bang
3). Nguyén nhan do brom c6 dién tich &m hon
s0 v6i clo nén sy day electron vé vong benzen
cling manh hon lam cho mat d¢ dién tich phan
b trén vong benzen trong truong hop céc dan
Xuét ctia brom ciing 16n hon so véi trudng hop
céc dan xuét clo ctia BPA.

Phan tich phé IR cua BPA, tetrabrom
bisphenol A, tetraclo bisphenol A thu dugc
bang tinh todn thuc nghiém ching t6i khong
quan sit thdy vach pho dic trung cho nhém
halogen. Pho thu dugc bang tinh todn 1y thuyét
khi phii hop véi phd do dugc trong thuc
nghiém [17]. Su dich chuyén cac vach phé
trong thyc nghiém so véi tinh toan 1y thuyét 1a
vl ¢6 sy twong tdc gilta cdc phan tir va anh
huéng sai s6 cia may do. Phd ciia BPA va cic
dan xuat halogen ciia né rat giéng nhau. Dudi
ddy la bang phan tich phd cia BPA va
tetrabrom bisphenol A (IV) thu dugc trong tinh
toan 1y thuyét bang phuong phdp
MO06/DGDZVP.

Bang 5. Tén sb dao dong ctia BPA va tetrabrom bisphenol A (IV) (M06/DGDZVP)

Tén sb dao dong (cm™) BPA IV BPA [17]
OH - 3733 3477
Dao dong vong brom-benzen - 1660.2-1618.0 1553
Dao ddng cua vong brom-benzen - 1431-1369 1472

4. Két luan

Trong khu6n khé bai bdo, ching toi tap
trung nghién ctru cAu triic phén tir va phan tich
céc thong s6 luong tir cia BPA va bon dan Xudt
brom ctia bisphenol A thu duoc sau khi téi uu
céu hinh. Phuong phép tinh todn dwoc st dung
1a MO06 v6i hai by ham co s¢ DGAUSS da duoc
hi¢u chinh 1a DZVP va TZVP véi sy ¢cé mat cua
cac tép mat do mo phong DGA1 va TZVPfit.

Céc thong sd lugng tir ctia cu hinh téi wu
ctia BPA va bon dan xuét brom cuia bisphenol A
bao gém: cic thong s ciu tric phan tir, ning
lugng obitan phan tt HOMO- LUMO, md men
ludng cyc, ndng lugng toan phan ciing dugc xét
dén. Cic thong s6 cau tric phan tr cua bbn
phan tir déu phit hop véi s6 liéu thyc nghiém.

Viéc phan tich cdc thong sé luong tir nay tao
didu kién dé thyc hién nghién ciru sdu hon Ve
tinh chit héa hoc, sinh hoc cta céc dan Xuét
BPA.
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Density Functional Theory Approach
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Abstract: In this article it is presented a theoretical investigation of some brome derivatives of
Bisphenol A in gas phase. The Density Functional Theory (DFT) is utilized, using the MO06
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hybridmeta - GGA functionals with the DGAUSSDZVP and TZVP basis sets accompanying with
DGAI1 and TZVPfit density fitting sets. These calculations focuse on finding the optimized molecular
structures, vibrational frequencies, the molecular orbital energies with reasonable accuracy. Results
obtained have shown that M06 method describes precisely configurations of all 4 chlorine derivatives
of bisphenol A. When BPA has been chlorinated there are some changes in electric density of
molecules. Calculation results have been agreed well to those of experiments.

Keywords: Bisphenol A, Density Functional Theory, M06 hybridmeta - GGA functional.



