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Tém tit: Bai bio trinh bay két qua nghién ctru mot s6 dan xuat chira clo cua Bisphenol A trong
pha khi. Trong nghién ciru nay chiing t6i str dung Ly thuyét phiém ham mat do (DFT) véi cic ham
MO06 Hybridmeta - GGA st dung by ham co s¢ DGAUSSDZVP va TZVP kém theo 1a bd ham
DGALI va TZVPfit mét d6 twong thich. Céc tinh todn tap trung tim céch t6i wu héa vé cau triic cdc
phén tir, cic tin sd dao dong va cdc gid tri nang luong obitan vdi do chinh xdc phit hop. Két qua
thu dugc da chi ra ring phuong phap M06 da m6 ta chinh xdc cAu hinh phén tir ciia ca 4 dan Xuét
clo cta bisphenol A. Phan bd mat do dién tich tinh duoc cho thay rd rang su thay ddi vé mat do
dién tich ciia phan tir khi dwa nhém thé CI vao phan tir so v6i chua thay thé. Céc két qua thu duoc
c6 thé sir dung dé ban ludn vé co ché cdc phan tng thay thé clo vao phan tir bisphenol A va gidi
thich cdc két qua thu duogc tir cdc nghién ciru thyc nghiém.

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

1. Pit van dé

Bisphenol A (BPA) 12 hop chét dé tong hop

did va dang duoc st dung trong san xuat
polycarbonate va nhua epoxy. BPA con dugc
sir dung nhu chét 1am 6n dinh hay chéng oxi
héa cho nhiéu loai chét déo (plastics) nhu PVC,
v... Cic san pham nhya lam tir BPA thudng
trong sudt, cimg va dugc s dung nhiéu trong
san xudt cdc hang héa tiéu ding théng thuong
nhu binh stra cho tré em, thiét bi thé thao, dia
CD va DVD, v.v...[1,2]. Khi san Xuét céc vat

* Téc gia lién h¢. DT: 84-934277732.
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liéu nay khé ma tranh dugc su ton du BPA &
dang tu do trong san phim. Nhiéu nghién ciru
héa sinh trong thoi gian gan day da dé cap dén
kha nang BPA 1 nguyén nhan giy ra nhiing rdi
loan ndi tiét trong co thé, gép phan gia ting rii
ro ddi vé6i cdc bénh lién quan dén tim mach, béo
phi [3] tiéu duong [4,5], anh hudng kha ning
phét trién trf ndo cua tré em [6]; thAm chi lam
giam d6 nhay cam ddi v6i cdc bénh nhan dang
st dung bién phdp héa tri li€u, anh hudng hoat
d6ng tuyén tién liét, gdy ra ung thu vd, u nang
budng tring ...[7]. Chinh vi ¢6 nhiéu téc dung
phu ciia cdc san pham sir dung BPA ma nhiéu
nghién ctru gdn ddy da tim ra chat thay thé BPA
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hodc céc hing san xuat d0 dung phai céng bd
trong san phim khong c6 BPA tu do (BPA
free).

Mot trong nhitng ngudn tiép xic clia con
ngudi voi BPA d6 1a qua dudng an udng dung
trong vat dung chira BPA. BPA ton tai trong
céc san pham polycarbonate va nhwa epoxy nén
n6 hoan toan cé thé thoi nhidm ra thyc pham
khi thuc phélm dugc chtra dung trong cac vit
dung c6 ngudn gdc tir BPA. Khi tan trong nudc,
BPA dé dang phan tng véi clo tu do trong nudc
(t6n tai & dang hipochlorua) tao thanh céac dan
xuét clo ctia BPA [8,9].

Trong khudn kho bai bdo, chiing t6i trinh
bay cdc két qua thu duoc khi nghién ctru, khao

2-bromo-4-[2-(4-hydroxyphenyl)propan-2-yl|phenol
Phan tr chtra 1 CI

2,6-dichloro-4-[2-(3-chloro-4-hydroxyphenyl)propan-2-yl]phenol

Phén tir chtra 3 Cl1

sdt cau tric mot s6 dan xuét 1a cdc sin pham
ctia qud trinh clo héa voi BPA (Hinh 1) bang
céc tinh todn Ii thuyét héa lugng tir. Chiing tbi
tién hanh khao sat cdu tric phan tir cia 4 dan
xuét clo ciia BPA thong qua xdc dinh cdu hinh
(g v&i trang thdi cuc tiéu ning luong toan cuc
nham thu dwoc cic thong sd cdu tric, ning
lugng obitan phan tir va mat d¢ dién tich, nang
lugng obitan phan trt HOMO- LUMO, momen
ludng cuc, ning lugng toan phan. Myc dich cua
nghién ciru nay 1 tién d& dé ching toi tiép tuc
thyc hién cdc nghién ciru sdu hon dé xdy dung
mdi lién hé dinh luong giita cdu trdc phéan tir
mo phong va hoat tinh sinh hoc ctia BPA va cic
dan xuét ctia ng.

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

Phan tr chtra 2 CI

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

A

Phan tr chtra 4 C1

Hinh 1. Céc dan xuét chita clo cuia BPA.

2. Phwong phap nghién ctiru

Céc tinh toan duoc thyc hién dya trén ly
thuyét phiém ham mat d6 (Density Functional
Theory- DFT) dugc cu thé héa bang phan mém
Gaussian 09 [10]. Viéc t6i vu héa cdu hinh xédc
dinh cuc tiéu toan cuc duoc thuc hién boi
phiém ham lai héa Meta GGA — phiém ham

MO06 [11] véi kha ning xdc dinh t6t cuc tiéu
toan cyc va xdc 1ap tot cdc tinh chat nhiét dong
hoc.

Nham 1am giam thoi gian tinh todn va ting
kha nang hdi tu dat dén céu hinh cuc tiéu toan
cuc va tinh chinh xdc trong tinh todn tdi uu cdu
tric va nang lugng toan phan, cic phan tir duoc
xét déu duoc ti wu cau hinh bang cic bd ham
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co s¢ DGAUSS da dugc hiéu chinh 1a DZVP
(Double-Zeta Valance Polarization) [12], va
TZVP (Triple-Zeta Valance Polarization) [13]

viéc phan tich cdc tan so dao dong dicu hoa va
cdc tiéu chuan hoi tu tich hop san trong phan
mém Gaussian 09.

cho céc tinh todn niang luong toan phan. Céc
bd ham co s6¢ DZVP va TZVP dugc hi¢u
chinh bing cdch dwa thém vao bd ham gbc
cdc tép méat do co s& mo phong DGAL1 [11]
(v6i ham co s6 DZVP) va TZVPfit [14] (voi
bd ham co sé TZVP) da dugc tich hop trong
phién ban Gaussian 09.

3. Két qua va thao luan

Cau hinh t&i vu cia BPA va 4 dan xuét
cua qua trinh clo héa voi BPA duogc cho
trong Bang 1. Cac thong sb tdi wu dugc so
sdnh véi gid tri cua phan tor BPA cling duogc

Tét ca cdc cau hinh phén tir tdi wu tng véi e )
tinh todn cuing phuong phép.

trang thdi cuc tiéu toan cuc dugc xdc dinh bﬁng

Béang 1. Mot $6 thong $6 duoc lua chon tur cAu hinh d4 t6i vu ctia BPA va 4 din xuét
cua qud trinh clo héa véi BPA

N ) . . Phan tr Phantt Phintcr Phantdr Phantu .
Do dai lién két/Goc lién ket BPA chua 1 chura 2 chira 3 chua 4 Panh gia
clo clo clo clo

Gid tri trung binh cua lién két 1.394  1.394 1.394 1.394 1.394 Khong thay doi

Cphenyl — Cphenyl (A) ]

Gid tri trung binh cua lién két 1.510  1.527 1.527 1.527 1.527 Thay d6i do cé Clo

Cmetyl - Cphenyl (A) .

Gid tri trung binh cua lién két 1.528  1.534 1.533 1.533 1.533 Khong thay doi

Cmetvl_ Cmetyl (A)

Gia tri trung binh cua lién két 1.376  1.358 1.353 1.350 1.346 Gidm theo sO nguyén tr

Conenyi— O (A) clo

Gia tri trung binh cua lién két 1.116  1.095 1.095 1.096 1.095 Thay do6i khi cé clo,

Creyi — H (A) khong phu thudc sé luong
clo trong phan tir

Gid trj trung binh cua lién két 1.098  1.088 1.087 1.088 1.087 Thay d6i khong dang ké

Cphenvl -H (A)

Cohenyl — Cpheny1 — O (d0) 116.6  118.1 118.5 118.8 123.9 Gée lién ket tang khi tang
s0 lugng nguyén tu clo

Copheny1— O — H (d0) 107.8  108.9 108.9 108.8 108.7 Thay d6i khi c6 nguyén tu
clo, khong phu thudc so
nguyén tr clo

Cpnenyt — Cliy) (A) 1.756 1.755 1.737 1.737

Cphenyt = Cla) (A) — 1756 1738 1737 Khong thay déi theo sb

Cppenyl — Clgz) (A) — — 1.754 1.752 nguyén tir clo

Copenyl — Clig) (A) — — — 1.752

Cohenyl = Cphenyt — Cl1y (d0) 118.5 119.9 118.5 119.9

Cohenyl — Cphenyt — Clo) (d0) — 119.7 118.5 119.8 Khong thay dbi theo sb

Cophenyl = Cphenyi — Clz) (d0) — — 119.2 119.9 nguyeén tir clo

Cphenyl - Cphenyl - Cl(4) (dé) — — — 119.8
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Bang 1 cho thiy do dai lién két Cppeny —
Cphenyl trong vong benzen cua céc phan tir BPA,
va 4 dan xuit khong thay doi khi thé cic
nguyén tu clo vao vong benzen cta phén tu
BPA; d6 dai lién Kkét Crety = Cinetyt cUa cac phan
tir khao sdt thay dbi khong dang ké (0.005 A)
va khong phu thudc vao s lugng nguyén tir clo
c6 trong phan tir; ¢6 sy thay doi ting (0.017 A)
vé d6 dai lién két Cpeyt — Cphenyt Khi thé nguyén
ttr clo vao vong benzen cua phén tir BPA nhung
khong phu thudc vao sé lwong nguyén tir clo;
lién két Cpeyt — H va lién két Cppeny — H giam
(0.02 A va 0.01 A) nhung khong phu thudc vao
s6 lwong nguyén tir clo duge thé trong phan tir
BPA. N6i céch khéc céu tric mach chinh cua
BPA rat gan vdi cu tric mach chinh cua 4 dan
xuét clo cta né; lién két Cohenyt — O thay doi

giam (0.018 A va 0.03 A) theo chiéu huéng
tdng nguyén tu clo trong phan tir khdo sét 1a do
mat d0 phan bd electron tang xuat hién sy dély
giita 16p vo electron ciia nguyén tir clo (3s°3p°)
Vv6i 16p vo electron clia nguyén tir oxy (2s*2p*)
lam cho lién két C - O trong cdc phén tir khao
sét bi "ngan" lai; goc 1ién két Cppenyt — Cphenyl —
O thay ddi tang (1.50° — 5.30%) khi phan tir BPA
thé cdc nguyén tir clo vao vong benzen; géc lién
két Cpnenyt — O — H trong cdc phan tir khao sit
thay d6i khong dang ké; cac géc lién két Copenyl
— Cohenyt — ClI cua 4 dan xuét gé‘in nhu khong
thay d6i. Nhu vay viéc thé nguyén tir H bang
cdc nguyén tir Cl vao vong phenyl khong anh
huong dén chu tric khong gian cia BPA néi
chung.

Béng 2. Céc thong s lugng tir thu duge bang phuong phiap MO6/TZVP

Phan tr Enomo (€V)  Erumo(eV) AE(eV) p (Debye)  AEgwan w= Ephan i = Emin (€.V)
Phan tr BPA -5.92 -0.51 5.40 2.4158 50016.0

Phan tr chtra 1 C1  -6.33 -0.62 5.71 1.0992 37519.0

Phan tor chta2 C1 -6.49 -0.76 5.73 1.2309 25012.6

Phantrchta3 C1 -6.61 -0.90 5.71 3.8476 12506.4

Phan tr chta 4 C1  -6.73 -1.08 5.65 0.5325 0

Gia tri HOMO, LUMO va AEyo duoc trinh
bay trong

Bang 2. Gia tri AE dugc tinh theo biéu thirc:
AE = Eymo — Enomo nhdm ddnh gid sy chénh
léch gitra hai mirc ndng lugng obitan phan tr
HOMO va LUMO. Gia tri nang lugng HOMO
va LUMO cua céc phan tr khiac nhau kha ro
song d6 chénh léch gilta cic muc nang luong
nay & ca 4 dan xuat khong khéc nhau ding ké
(Hinh 2). Diéu nay ching to kha ning phan tng
ctia cdc dan xuét s& khong khic nhau. Hinh 3
cho thiy gid tri md men ludng cuc khic biét
kha rd véi gid tri cao nhét dat dugc ¢ phan tir

chira 3 clo cho thdy cau tric bat dbi ximg phan
tar. O Béang 2 chiing tdi thu dugc gid tri ning
luwong phan tir tuong déi AE phan t¢ = Ephan tr = Emin
cua cic phan tir dugc khdo sat. Theo gid tri tinh
ton thu dugc bang phuong phap MO6/TZVP thi
ning lugng phan tir cia dan xuat 4 clo 12 nho
nhit (E;). Nhan thiy rang ning luong phan tir
cang giam khi s6 luong nguyén tir clo ¢6 trong
phan tr khao sét cang 16n (AE giam). Nhu vay
ching t6 do bén cua cic phan tir dugc khao sat
cling ting khi s6 lwong nguyén tir clo trong
phan tir ting 1én va dan xuét phan tir chira 4 clo
12 bén nhat so v6i BPA va 3 dan xuit con lai.
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Hinh 3. Gia tri Momen ludng cyc cia cic
phéan tir khao sat.

AFphan tr— Ephan o — Emin (€-V)

Hinh 2. Biéu d6 ning lugng cia LUMO va HOMO

orbitan cta cac phén tur khao sat.
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Hinh 4. Ning lugng phan tir trong ddi cua cdc
phéan tir khao sat.
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Hinh 5. Hinh dang va vi trf dinh x&t cia HOMO va LUMO trong céc dan xuat clo ctia BPA.
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Hinh 5 trinh bay vé hinh dang va vi tri dinh
XU cua cdc obitan phan tt HOMO va LUMO
trong ca bén dan xuat. Cic obitan phan tir
HOMO c6 khuynh huéng dinh chd xung quanh
céc nguyén tir clo, noi c6 dién tich riéng phan
16n. Trong khi d6, cac obitan phan tir LUMO lai
c6 khuynh huéng phan bd huéng vé xung
quanh cidc nhém nguyén to nhu —-OH, hay —
CHj;, 12 nhitng khu vyc ¢6 dién tich riéng phan
nho nhat. Sy phan bb nhu vay s& anh hudng dén
kha ning phan tng cia cic dong phan khi cic
tdc nhan tin cong c6 dinh hudng khic nhau dén
cac tam phan tng cua phan tir. Sw khic biét nay

CI
-0.221 -0.194 -0.254
3—C2 C18—C19
" \ / & //
-0. 235 -0 183 -0. 179 —0 281
3-chloro-4-[2-(4-hydroxyphenyl)propan-2-yl|phenol
Phéan t chtta 1 CI
CI
-0.200 -0.225 CI
03_02 C13—019
HO—C\ // + —OH
-0. 271 —0 201 _().205 \CI

2,6-dichloro-4-|2-(3-chloro-4-hydroxyphenyl)propan-2-yl]phenol

Phéan tir chtra 3 Cl

¢6 nguyén nhan tur sy thay ddi vé mat do dién
tich ctia phan tir ciia nhém thé CI khi dugc dua
vao phan tir BPA.

-0.216 -0.091 -0.096 -0.159
Cy=—C; Ciyp—Cy

/N | / \

HO——C\ /C,_—-I—c., //c ,—OH
C'_\'_'CG Cy ~_C'>
-0.155  -0.088 -0.083 -0.211
4,4'-(propane-2,2-diyl)diphenol
Phan tir BPA
CI
-0.219 -0.204  _0.239
C3—CZ C13——C19
O—C\ //
-0. 234 —0 184 -0. 199 \

2,6-dichloro-4-[2-(3,5-dichloro-4-hydroxyphenyl)propan-2-yl|p
Phéan ti chtta 2 CI

CI\ ol
-0.219 -0. 219 /

C; Cig—C 19

SN/
‘\ // \\ //

-0211 0. \
CI/ 0211 -

2,6-dichloro-4-[2-(3,5-dichloro-4-hydroxyphenyl)propan-2-yl|p
Phéan t& chtrta 4 Cl

Hinh 6. Mat d¢ dién tich trén cdc nguyén tir C trong vong phenyl cia cdc dan xuét clo ciia BPA.

Trong phan tUng giita cdc hop chit chira
nhém OH v&i tdc nhan hipocloro (HOCI),
HOCI phan tng theo co ché electrophin vao
vong thom, két qua 1a dan xuat clo duoc tao
thanh. Theo co ché nay, néu c¢6 nguyén tir C
mang dién tich &m hon trong phin tr BPA thi
phan tng s& xdy ra dé dang va hiéu suét 16n
hon. Dya trén co ché nay va tir cdc gid tri

AEyo0, va mat d¢ dién tich trén cic nguyén ti
carbon trén phéan tir BPA, chiing t6i nhan thiy
phan g clo héa trén phan tir BPA sé& dién ra
trudc nhat tai nguyén tir C; mang dién tich riéng
phan nhé nhét 1a -0.216. Piéu nay dan t6i viéc
hinh thanh phan tir mono clo bisphenol A (Phin
t¢ chra 1 nguyén t clo). Phan t&¢ chua 1
nguyén tir clo ndy tiép tuc phan tng véi tic
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nhan hipocloro, phan tng thé electrophin
nguyén tor H bang nguyén tir clo tai nguyén tir
C,, mang dién tich riéng phan nhé nhat la -
0.281 tao thanh phan tir diclo bisphenol A
(Phéan tir chtra 2 nguyén tir clo). Phan tir chira 2
nguyén tir clo ndy tiép tuc phan tng véi tic
nhan hipocloro, phan tng thé electrophin
nguyén tor H bang nguyén tir clo tai nguyén tir
Cy9 hodc Cs hinh thanh phan tir triclo bisphenol
A (Phan tr chtra 3 nguyén tir clo). Thuc nghiém
[9] ciing cho thdy kha ning hinh thanh ca phén
tu triclo bisphenol A tai ca hai vi tri trén. Trong
céu hinh phan tir ching tdi thu dugc, dién tich
riéng phan tai vi tri nguyén tir Cjo nho hon dién
tich riéng phan tai nguyén tir Cs boi thé, chiing
t6i dy dodn ciu hinh ciia san pham chinh cua
phan tng clo héa phén tir diclo bisphenol A s&
12 san phdm cua phan ng thé tai vi tri Cye va
dan xuit clo cubi cting cta qua trinh clo héa
bisphenol A 1a phan t tetraclo bisphenol A
(Phan tir chira 4 nguyén tir clo). Mat d¢ dién
tich riéng phan cta cic nguyén tir C trong phan
tor nay dugc minh hoa trong Hinh 6.

4. Két luan

Trong khudén khd bai bdo, ching tbi tap
trung nghién citu ciu triic phan tir va phén tich
céc thong s6 luong tir cia BPA va bdn dan xuat
clo ctia bisphenol A thu dugc sau khi t6i wu ciu
hinh. Phuong phép tinh toan dugc st dung la
MO6 véi hai bd ham co s¢ DGAUSS da duoc
hi¢u chinh 1a DZVP va TZVP véi sy ¢cé mat cua
cac tép mat do md phong DGA1 va TZVPfit.

Céc thong sd lugng tir ctia cu hinh téi wu
ctia BPA va bon dan xuit clo cua bisphenol A
bao gdm: cic thong sb ciu tric phan tir, ning
lugng obitan phan tt HOMO- LUMO, md men
ludng cuc, nang lugng toan phan ciing dugc xét
dén. Cic thoéng sb cdu tric phan tir cia bon
phan tir déu phit hgp véi s6 liéu thyc nghiém.

Viéc phan tich cic thong sd lugng tir nay tao
diéu kién dé thyc hién nghién ciru sdu hon vé
tinh chit héa hoc, sinh hoc cta céc dan Xudt
BPA.
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Study on the Chlorine Derivatives of Bisphenol A Structure
from the Density Functional Theory Approach

Vii Vin Pat', Lé Kim Long?

YWietnam National University, 144 Xuan Thuy, Hanoi, Vietnam
*Center for Applied Informatics in Chemistry, Faculty of Chemistry, VNU University of Sciene

Abstract: This article presents a theoretical investigation into some chlorine derivatives of
Bisphenol A in gas phase. The Density Functional Theory (DFT) was utilized, using the M06
hybridmeta - GGA functionals with the DGAUSSDZVP and TZVP basis sets accompanying with
DGAT1 and TZVPfit density fitting sets. These calculations focuses on finding the optimized molecular
structures, vibrational frequencies, the molecular orbital energies with reasonable accuracy. Results
obtained show that M06 method describes precisely configurations of all 4 chlorine derivatives of
bisphenol A. When BPA was chlorinated there were some changes in electric density of molecules.
Calculation results were matched well with those of experiments.

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



