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T6m tét - NaBz (natri benzoat) c6 hai dang da hinh (monoclinic
va triclinic), dwoc siv dung rat phd bién trong bdo quan thuc phadm
va trong y hoc. Céac dic trwng vé hinh thai phan t&, sw phan b
dién tich, phd IR va Raman, cac d&c tinh nhiét dong cla NaBz
va FMO (orbital bién phén ttr) clia anion benzoat dwgc phan tich
béng thwc nghiém va tinh toan luwong to (DFT/BSLYP/G
311G++(d,p)). T& nhirng phén tich do, chung t6i da giai thich
duoc tai sao chiéu dai lién két ion O-Na bj kéo dai ra trong pha
rén ctia NaBz; giai thich dwgc tai sao NaBz dwoc st dung dé lam
chét bao quan thay cho acid benzoic va lam ta dwoc tron; gan
duwoc cac kidu dao dong cho nhirng dinh phé thwc nghiém dac
trwng; giadi thich co ché phan (rng cta né véi glycin trong viéc
didu tri réi loan chu ky uré & nguoi.

T khoa - DFT; da hinh; NaBz; phd IR; phd Raman

1. Pit véan dé

Natri benzoat (NaBz), cbng thuac hod hoc Ila
CsHsCOO-Na+, la mudi natri cuia acid benzoic. Hai dang
da hinh cua NaBz la NaBzl (monoclinic, két tinh &
Tc=420°C) va NaBzlI (triclinic, Tc=350°C). Trong céng
nghiép dugc pham va thuc pham, NaBz déng mot vai tro
rat quan trong. NaBz tiéu diét nim, vi khuan, lam giam
95% lén men yém khi cua glucose thdng qua enzym
phosphofructokinase [1]. Trong nganh y duoc, NaBz
duoc sir dung trong diéu tri cac rdi loan chu ky uré, ngin
chan su tién trién cua bénh Parkinson & loai chuét, diéu
tri thém cho bénh tdm than phan liét (1 gam/ngay), dung
lam ta dugc tron va siro ho ([2]-141). Tuy nhién, khéng
c6 nhiéu nghién ctu vé céu tric, phan tich phé dao dong
va ly giai sau sic cac tinh chit cua NaBz. Vi nhitng ly do
do6, bai viét nay ching toi sir dung ly thuyét phiém ham
mat d6 (DFT) dé nghién ctru chi tiét hon vé cau trdc, phd
dao dong, hoan chinh va phén tich cac dao déng dang tin
cay thong qua do thuc nghiém phé hong ngoai (IR), phd
Raman. Ngoai ra, chiing tdi sir dung tinh toan Orbital bién
phan tir (FMO) cho anion benzoat dé giai thich hoat tinh
sinh hoc cia NaBz (do trong dung dich NaBz tdn tai dui
dang anion benzoat).

2. Nguyén li¢u va phwong phap nghién ciru

a. Nguyén lig¢u

NaBz (Guangdong Guanghua Chemical Factory Co.,
Ltd, Trung Quoc), so 16 20080703, do tinh khiet > 99,5%
dugc sir dung truc tiép dé do pho Raman, hong ngoai ma
khong qua xir ly.

b. Phwong phap nghién ctru

Céu triic hai dang tinh thé thuc nghiém duoc cung cép
bai Trung tdm Dix liéu Tinh thé Cambridge (CCDC) va mé
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phong bing phan mém Mercury 3.6. Hinh thai, ciu tric
dién tu, tinh chét nhiét dong, tan sé dao dong IR, Raman
cua NaBz va orbital phan t (MO) cua anion benzoat
duoc t6i uu hoa va tinh toan bang phuong phap DFT, st
dung ba théng sé trao déi ham loai Beckes (B3) két hop
V6i phép twong quan ham sé Lee-Yang-Parr (LYP) va cai
dit co s¢ 6-311G++(d,p), trén mot may tinh sir dung phan
mém Gaussian 09W va Gaussview 5.0 [5], [6]. Két qua
do thuc nghiém cua NaBz: phé IR do bang SHIMADRU
(s6 séng: 400+4000 cm?), phdé Raman do bang NANO
RAM (buéc séng kich thich: 785 nm; dich chuyén Raman:
176+2000 cm™).

3. Két qua nghién ciru
Hinh thai phan tz

Ching t6i chi ti wu hoa mot phan tir NaBz trong pha
khi, cac nguyén tir duwgc danh s6 nhu Hinh 1.

@

Hinh 1. Cdu tric phan ti NaBz tdi wu héa

Hinh 2 md ta mot phan cua tiéu don vi trong 6 mang
tinh thé NaBzI va NaBzll. Sé liéu tinh toan vé do dai cac
lién két trong phan tir dwoc so sanh vai két qua thuc nghiém
(Bang 1).
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Hinh 2. M4t phdn cua tiéu don vi trong 8 mgng tinh thé:
a) NaBzl va b) NaBzlI
Bdng 1. D¢ dai cac lién két tinh toan va thyc nghiém cia phan
tir NaBz. Trong dé, doi véi NaBzl, s6 ligu thuc nghiém la cia
phan tir chirza Nal, O1 va O2 trong tiéu don vi. Twong tuw Véi
NaBzII 1a Nal, O11 va O12

Lienkét | C1-C2 | C2-C3 | C3-C4 | C4-C5 | C5-C6
DFT (A) 1,40 1,40 1,40 1,40 1,40
NaBzl (A) 1,35 1,38 1,36 1,38 1,37
NaBzIl (&) | 1,40 1,39 1,40 1,41 1,39
Lienkét |C12-O14| C1-H7 | C2-H8 | C3-H9 | C5-H10
DFT (A) 1,30 1,08 1,08 1,08 1,08
NaBzl (A) 1,27 0,93 0,93 093 093
NaBzll (A) | 1,26 1,09 1,11 1,10 1,09
Lienkét |C4-Cl12 | C12-013 | C6-H11 |013-Nal5/014-Nal5
DFT (A) 1,49 1,30 1,08 2,21 2,21
NaBzl (A) 1,53 1,25 0,93 2,55 2,49
NaBzIl (&) | 1,53 1,27 1,09 2,50 2,42

Hinh 3 mé ta hinh thai NaBzI (cu trac dugc ldy tir CSD
entry: VOBFAV, CCDC) va NaBzll (CSD entry:
VOBFAV01, CCDC).
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Hinh 3. a) Hinh thai NaBzI va b) Hinh thai NaBzII
Phén tich Mulliken
Két qua phan tich dién tich Mulliken dugc cho &
Bang 2.
Bdng 2. Di¢n tich Mulliken cac nguyén ti trong phan tiz NaBz

Nguyén tir C1 C2 C3 C4 C5
Pién tich (e) | -0,123 | -0,176 | -0,077 | -0,157 | -0,080
Nguyén tir C6 H7 H8 H9 H10
Dién tich (e) | -0,176 | 0,145 | 0,145 | 0,178 | 0,178
Nguyén tir H11 C12 013 014 Nal5
Dién tich (e) | 0,145 | 0,423 | -0,596 | -0,596 | 0,764

Phé IR, Raman va gan dao déng
Phé IR, Raman theo DFT va thuc nghiém & Hinh 4 va 5.
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Hinh 4. Phé IR ciia NaBz theo: a) DFT; b) thuc nghiém
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Hinh 5. Phé Raman cia NaBz theo: a) DFT; b) thic nghiém

Cuwing do

Mot sé dinh phé thyc nghiém dic trung trong phan tir
NaBz duoc géan véi cac kiéu dao dong cua cac nhém chuc
duoc trinh bay ¢ Bang 3.

Orbital bién phan ti (FMO)

Theo tinh toan, anion benzoat c6 233 MO, trong do
MO1—35 1a cac orbital lién két, MO36—233 1a cac orbital
phan lién két. MO35 1a HOMO (c6 ning luong -0,016 au)
va MO36 la LUMO (0,003 au), khoang cach HOMO-
LUMO bing 0,019 au (Hinh 6).

-

b

a

Hinh 6. a) LUMO; b) HOMO cua anion benzoat

Tinh chat nhiér dgng hoc

Két qua tinh toan mot vai théng sb nhiét dong ciia NaBz
tai T = 298,15 K, P = 1,00 atm la: téng nang lugng nhiét
(70,83 kcal/mol), nang luong dao dong (69,052 kcal/mol),
nang luong dao dong diém zero (65,508 kcal/mol), nhiét
dung mol dang tich C, (30,795 cal/mol.K) va entropy S
(92,282 cal/mol.K).
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Bdng 3. Gan dao dong phé IR, Raman theo tinh toan DFT va thuc nghiém. Trong do, cac dao dgng: v (dao dong hoa tri);
vs (dao déng hoéa tri doi xing); vas (dao déng héa tri khong doi xung); B (bé cong); = (xoan); w (vay); é (bien dang); p (lac ).

Thue nghiém DFT/6-311G++(d,p)
Thir t IR Raman TAn sb IR Raman G4n dao dong
(cm™) (cm?) (cm™) (a.u) (a.u)
1 - - 69,60 362,28 21,36 ®(Na-02)
2 - - 76,78 0,00 0,83 1(C-02)
3 - - 137,19 161,65 0,01 vas(Na-02)
4 - - 188,22 120,95 24,53 ®(Na-02)
5 - - 273,33 224,05 43,28 vs(Na-Oz) + v(C-C thom)
6 - - 303,95 87,06 0,00 vas(Na-02) + t(C-H)
7 - - 427,87 0,00 0,02 o(C(2,3,5,6)-H)
8 - - 451,54 504,29 0,58 vs(Na-Oz) + vong co bop
9 - - 460,73 0,15 0,03 y(thom)
10 522,71(m) - 517,13 50,40 0,41 vas(Na-02) + B(C4-C12)
11 - - 650,71 0,02 63,22 B(thom)
12 680,87 () 679,95 (m) 704,10 244,13 29,32 8(C-02) + vong co bop
13 - - 707,96 151,36 0,53 o(C-02) + B(thom)
14 715,59 (s) - 728,12 897,29 14,94 o(C-H)
15 | 819,75 (m) - 821,66 116,01 0,70 B(C4-C12) + w(C(1,2,6)-H)
16 | 846,75(vs) | 844,00 (s) 834,00 54,32 384,76 vs(C-02+C2-C1-C6)
17 - - 888,48 0,00 16,27 ®(C(2,3,5,6)-H)
18 - - 982,27 36,03 0,89 o(C(1,3,5)-H)
19 - - 1.021,27 0,00 0,01 o(C(2,3,5,6)-H)
20 1.028,06 (s) | 1.004,00 (vs) | 1.026,24 18,08 468,11 vong co hép
21 - - 1.036,79 0,66 0,47 ®(C(1,2,3,5,6)-H)
22 1.066,64 (vs) - 1.054,68 121,55 0,21 B(thom)
23 - - 1.099,65 | 134,79 0,03 S(HC2-C3H+HC5-C6H)+B(C1-H)
24 - 1.156,00 (m) | 1.14546 86,23 32,71 vs(C-O2) + vong co bop
25 - - 1.207,31 0,22 63,06 ®(C-H)
26 - - 1.211,90 163,80 51,06 3(HC2-C3H+HC5-C6H)
27 - - 1.341,85 127,24 11,92 v(C-C thom)
28 - - 1.364,41 0,04 0,16 p(C-H)
29 | 1.390,68 (m) | 1.43597(s) | 1.39426 | 3.727,66 | 576,99 Vs(C-O2) + v(C4-C12)
30 | 1.523,76 (m) - 145915 | 2.02937 | 81,72 vas(C-02) + p(C(1,2,6)-H)
31 | 1.637,56 (m) - 1.507,97 | 1.414,09 9,31 vas(C-02) + p(C(1,2,6)-H)
32 - 1.570,00 (m) | 1.536,24 0,15 30,95 V(C4-C12) + p(C(1,2,6)-H)
33 - 1.625,24 5,56 11,38 v(C-C thom)
34 - 1604,00 (vs) 1.642,28 76,17 759,23 | v(C-C thom)+3(HC2-C3H+HC5-C6H)
35 - - 3.156,22 0,25 622,35 v(C(1,2,6)-H)
36 - - 3.169,52 2946 | 1.178,67 v(C(2,3,5.,6)-H)
37 - - 3.184,84 414,88 1.429,12 v(C-H)
38 - - 3.205,66 13,88 66,88 v(C(2,3,5.6)-H)
39 - - 3.208,65 61,60 1.925,15 v(C-H)
4. Ban luin NaBz lién két ion véi nhau tao thanh cac tiéu don vi (hinh

Theo cac nghién ctu gan day, ¢ pha rin, cac phan tir

que) trong 6 mang tinh thé co so. Dbi véi NaBzI, sb phan
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tir NaBz trong mdi tiéu don vi 1a 10 (Hinh 2a), dang tinh
thé monoclinic, nhém khéng gian P2:/n, a=15,113 A,
b=6,4048 A, c=34,476 A, 0=90,00°, B=100,18°, y=90,00°,
thé tich 6 mang co s& V=3284,5 A3, 1 nguyén tir Na tao
lién két ion véi 6 nguyén tir O [7]. Con véi NaBzll, s6 phan
tir 12 12 (Hinh 2b), dang tinh thé triclinic, nhém khang gian
P1,a= 15,3053 A, b=6,43668 A, c=19,5164 A, 0=87,279°,
B=95,598°, y=98,725°, V=1890,3 A3, 1 nguyén tir Na tao
lién két ion véi 6 nguyén tir O [8]. Vé chiéu dai lién két
(Bang 1) cho s liéu tinh toan va thuc nghiém kha tuong
ddng nhau, trir 2 lién két Na-O bi ngin di (2,21 A) so véi
thuc nghiém (2,42+2,55 (A)), do bi 4 lién két Na-O con lai
cta nguyén tu Na do kéo dan ra.

Phan tich Mulliken gidp thé hién su phan bé dién tich
ctia mdi nguyén tir (Z) [9]. Két qua tinh toan (Bang 2) cho
thiy nguyén tar C12 c6 dién tich 16n nhét (0,423 e) trong
c4c nguyeén tir C, hai nguyén tir O13 va O14 déu mang dién
tich -0,596 e. Cac nguyén tir C con lai trong vong thom déu
mang dién tich am twong ddi ddng déu. Con trong cac
nguyén tor H trong phan tir NaBz thi H9 va H10 co
Zno = Zu1o = 0,178 e cb dién tich duong 16n nhét. Znais=
0,764 e 16n dan tai viéc hinh thanh lién két ion manh gitra
nguyén tir Na vai hai nguyén tir O, tao nén nhirng ving ua
nudc xen k& véi vung ky nuéc chira vong benzen (Hinh 3a
va 3b). Cho két qua trén 12 do NaBz tan dugc trong nudc
manh hon so v&i dang acid cua né. Pay la 1y do vi sao NaBz
duogc st dung nhiéu hon so véi acid benzoic trong viéc bao
quan thuc pham (mic du acid benzoic ¢6 tinh bao quan
thuc pham tét hon NaBz) va dugc ding dé 1am ta dugc tron
(mic du nd 1a chét boi tron kém).

Chidng ti nhan thdy phd Raman tinh toan va thuc
nghiém c6 nhiéu diém twong ddng Hinh 5). Cac dao dong
Raman manh néu nhu lién két 13 héa trj (C-C, C-0), ¢6 dinh
cuong do 16n trong phoé Raman dic trung [10]. C4c lién két
hoa tri (C-C trong NaBz) chiu anh huong khong déng ké
boi cac luc twong tac lién phan tir trong pha rén thuc
nghiém, do d6 phé Raman thuc nghiém va DFT tuwong
ddng nhau.

Con phé IR, tuy ciing co nhitng su twong dong, song
con nhiéu khéc biét Hinh 4). Cac dao dong IR manh néu
lién két 12 ion (O-Na) va cac lién két ma khi dao dong lam
thay d6i nhidu md-men ludng cuc phan tir (C-H) [10]. Cac
dao dong IR chiu tac dong manh trong pha ran thuc nghiém
do lién két O-Na bj anh huéng (1 nguyén tir Na tao lién két
ion vai 6 nguyén tir 0). Do d6, phd IR ciia NaBz c6 su khac
nhau gitra thyc nghiém va DFT.

C6 tat ca 39 kiéu dao dong thu duoc tir tinh toan DFT.
M®i dinh tinh toan tuong tng v6i mot kiéu dao dong thu
duoc tir phan két qua trong Gaussview 5.0.

Bang 3 cho thay dao dong clia cac nhém twong g véi
cac dinh dic trung trong phd IR va Raman. Quan st cAc
dao dong & Gaussview 5.0 cho thay, trong khoang
0+500 cm™ thi chi thdy dao dong dang ké ciia nhom O-Na.
Phd Raman thuc nghiém cho thdy NaBz c6 bdn dinh phd
dic trung: 844,00 cm- v(C-0Oy); 1.004,00 cm- vong co
bép; 1.435,97 cmi-vs(C-O;) va 1.604,00 cm™?- v(C-C
thom). Phé IR thuc nghiém cua NaBz c6 thé k& dén cac
dinh dic trung sau: 680,87 cm- §(C-O); 819,75 cm?-
B(C4-C12); 846,75 cml- v5(C-0,); 1.028,06 cm™ - vong co

bop; 1.066,64 cm?- B(thom); 1.390,68 cm?l- vs(C-
02);1.523,76 M- v45(C-0,); 1.637,56 cml- vas(C-0y)).

FMO la mot phan cua orbital phan ti (MO), bao gom
orbital phan tir day cao nhat (HOMO) va orbital phan ta
tréng thip nhat (LUMO) [11]. Theo tinh toan DFT, phén
tir glycin c6 145 MO, MO20 la HOMO (-0,235 au) va
MO21 1a LUMO (-0,017 au). Dya trén thuyét Fukui vé
FMO [12], nguyén tir N (noi c6 mat do cao nhat cua
HOMO trong phan tir glycin, noi cho e) twong tac dugc vai
nguyén tir C12 (noi c6 mat do cao nhat cia LUMO trong
anion benzoat, noi nhan e) tao ra phan tng thé ai nhan
(Hinh 7). Trong thyc té, dudi diéu kién dun néng, phan tng
nay xay ra va tao hippurat. Tuy nhién, trong chu trinh uré
& gan ngudi, dé phan (ng xay ra dé dang hon thi anion
benzoat phai két hop véi CoA trudc (nhd cd6 ATP) dé tao
benzoyl-CoA. Sau d6, chat nay mai phan ung véi glycin
tao hippurat va dugc dao thai ra ngoai theo nudc tiéu. Pay
ciing chinh 14 co ché diéu tri rdi loan trong chu ky uré trong
co thé ngudi 6 sir dung NaBz.

a <= b

Hinh 7. a) LUMO cua anion benzoat; b) HOMO cua glycin
theo tinh todn DFT

Entropy cua mot hé cang thip thi muc do trat ty cua hé
cang cao. Tai T=298,15 K, P=1,00 atm, trang thai khi:
NaBz c6 entropy tinh toén la 92,282 cal/mol.K, trong khi
anion benzoat cé entropy tinh toan la 86,593 cal/mol.K.
Nhu vay, phan tr NaBz c¢6 mtrc d6 trat tu thép hon so véi
anion benzoat ¢ trang thai khi.

5. Két luan

Viéc str dung phuong phép tinh toan lugng tir DFT két
hop véi thuc nghiém cho NaBz da gidip ching toi giai thich
dugc sy hinh thanh lién két ion O-Na va tai sao chleu dai
lién két nay trong phan tir bi kéo dai ra trong pha rén; dong
thoi cling giai thich dugc tai sao NaBz dugc st dung dé
1am chit bao quan thay cho acid benzoic va lam ta dugc
tron; gan duoc cac kiéu dao dong cho nhitng dinh phé thuc
nghiém dic trung. Khong nhiing thé, viéc phan tich FMO
clia anion benzoat con gitip chiing ta hiéu hon vé co ché
phén tng ciia n6 véi glycin trong viéc diéu tri rdi loan chu
ky uré ¢ nguoi.
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