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Abstract

Hydrogen abstraction reactions between the methyl radical and some aldehydes (C,H,+:CHO, n = 0--3) have been
studied by the Density Functional Theory (DFT) using the B3LYP functional combined with the 6-311++G(d,p) and 6-
311+G(3df,2p) basis sets. We have identified pathways of forming the methane and aldehyde’s radicals. Our results
show that the energy barrier of these pathways ranges from 20.1 to 53.1 kJ/mol. Values of the barrier height and local
softness also indicate that the methyl radical reacts easily with hydrogen atoms closed to the functional group position

for any andehyde's isomers.
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1. GIOI THIEU

Géc tu do dong vai tro dac biét quan trong trong
céc phan tng hoéa hoc. Hau hét cac phan ng trong
hé nhién liéu, khi quyén trai dat va cac hanh tinh déu
c6 sy tham gia cua cac goc tu do. Thuc té, co ché
ctia cac phan ng c6 su tham gia cua goc tu do dang
ngay cang dugc quan tdm nghién ctu. Cac nghién
ctru déu tap trung xem xét cac gbc tu do duoc hinh
thanh nhu thé ndo, c6 cau trdc ra sao va phan ung
VGi céc cau tir khac theo qui luat gi. Géc metyl
(CH3) 12 mét trong s nhitng gdoc tu do quan trong
boi kha ning phan tng da dang. Phan &ng cua gbc
CHs Vvéi cac phan tir nho da duoc nghién ctru nhiéu
ca vé ly thuyét Ian thyc nghiém [1-4] Cac phan tir
ankanal dau day thugc loai phan tir nho, c6 nhicu
trong bau khi quyén céc sao trong khong gian, khi
quyén trai dat va trong cac qua trinh dét Chay [5-6].
Dic biét, véi andehit focmic nd 1a mét chét trung
gian trong qué trinh oxi héa nhu: chay ring, 6ng xa
xe 6 t6 hay khéi thudc 14...Bén canh do, formaldehit
cd vai tro rat quan trong né 1a mot tién than phd bién
cta hop chat phic tap hon ciing nhu trong tong hop
vat liéu. Vi vay nghién ciru cac duong phan tng tach
nguyén tir hidro ciia ankanal bai géc CH; nham hiéu
ro hon qua trinh xay ra phan tng.

2. PHUONG PHAP NGHIEN CUU

Tét ca cac tinh toan duoc thuc hién bang phan
mém Gaussian 09 [7]. C4u trdc hinh hoc cua cac
chat déu dwoc téi wu hoa bang phuong phap phiém
ham mat do theo miac B3LYP/6-311++G(d,p). Su
xéac dinh ding mét trang thai chuyén tiép tim duoc
ngodi viéc phan tich tan sé dao dong ciing co thé
duoc kiém ching thém bang cach tinh toa do noi
phan tmg (IRC). Nang lugng diém don dugc tinh tét
hon & mac B3LYP/6-311+G(3df,2p). Dua trén cac
két qua thu dugc cho phép thiét lap bé mat thé nang
day du tir d6 rat ra duoc thir ty wu tién cua mdi
duong phan ung Hiéu ung nhiét, thé dang nhiét
dang &p cua cac phan wng tao thanh san pham cua hé
dugc tinh & diéu kién nhiét do 298 K, ap Suat 1 atm
[8]. Xac dinh gia tri d6 cung do mém cua nguyén tir
H & céc cau tric tham gia phan (ng véi b ham co
s¢ 6-311++G(d,p) [9-10].

3. KET QUA VA THAO LUAN

Trén cac duong phan tng tach H cua C,H,n.;CHO
(n = 0-3) boi g6c metyl (hinh 1) c6 10 c4u trdc cuc
tleu (san pham) duoc ky hiéu 1a P, (n = 1+10) va 10
ciu trdc trang thai chuyén tiép duoc ky hiéu l1a TS,
(n = 1+10) véi n twong ung 14 céc cuc tiéu P,,. Tur két
qua tinh ning luong dao dong diém khong va ning
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luong diém don xac dinh duge ning lugng tuong doi
v6i mirc nang luong cua hé chat tham gia phan tng
ban dau CH; + C,H,,:CHO (n = 0-3) (RA) duoc qui
woc bang 0. Ta xay dung cac dudng phan ung tach
H tur cac gia tri nang lugng trong bang 1. Phan tng
Xay ra:
CnH2nO + CH3 —> CnHZn-l + CH4

Tir cac duong phan tng tach H & bén hé phan
g (hinh 1) cho thay, c6 mudi dudng phan tmg xay
ra trong 4 hé duoc nghién ctru (CH3 + C,H,.1CHO)
(n = 1-4), twong g Va&i Cac Vi tri cta cac nguyén ti
H trong cac ankanal. Cac duong phan tmg déu di
qua mot trang thai chuyen tiép duy nhéat va hinh
thanh truc tiép san pham (CHy+ CH210) (n = 1-4).

Gdc CHs ban dau c6 cau tric phang voi nguyén
tir C lai hoa sp?, khi di qua trang thai Chuyen tiép dé
hinh thanh san pham cau tric caa gbc nay bi bién
doi. Tai day xay ra qué trinh chuyén mét nguyén tir
H (ankanal) sang goc metyl, lién két H-C(ankanal)
bi kéo dai ra tir 1,083 A téi 1,266 A trong céu tric

Nguyén Thi Minh Hué va céng sw

TS,, dong thoi hinh thanh lién két H-C(CHs) voi
khoang cach 1a 1,590 A. Géc CH; khdng con ¢ dang
phang nd chuyén qua dang chop véi goc lién két
<HCH 114,7° bi thu hep lai so véi cdu tric ban dau
1a 120,0°. San pham duoc hinh thanh khi nguyén ti
H bt ra khoi ankanal hinh thanh CH, va gbc tuong
rng. Tir cdu tric cac trang théai chuyén tiép khao sat
duoc (hinh 2), ta thay sy thay doi goc lién két trong
nhém CHs va khoang cach giira H(ankanal) va géc
CH, khéng bién d6i Ion trong cac TS va giita cac H
6 cung vi tri trong cac hé phan tng khac nhau. Khi
nguyén H caa nhém chicc CHO dich chuyén vé phia
CH; tuong ng trang thai chuyén tiép, c6 khoang
cach gita nguyén tir H nay véi CH; c6 gia tri 1,266-
1,269 A ddng thoi khoang céch nay véi C(ankanal)
la 1,509-1,522 A. Piéu nay xay ra tuong tu V4i CAC
vi tri nguyén tir H khéc trong ankanal. Nhu vay, vai
vi tri H twong &ng nhau trong cac ankanal thi khi
tach no boi goc CHs tao ta c4c trang thai chuyén tiép
tuong ddng nhau vé mit cau tric.

Bang 1: Gia tri ning lugng diém don (hartree), ning lugng dao dong diém khéng ZPE (kJ/mol),

nang lugng tuong quan E (kJ/mol)

Cau tric SP ZPE E
CH; -39,857765 77,8
RA;(HCHO) -114,549353 69,6
RA;+CH; -154,407118 147.,4 0,0
TS, -154,396658 144,0 24,1
P, -154,435597 150.9 -71,2
RA, (CH;CHO) | -153,892249 144.9
RA,; +CH; -193,750014 2227 0,0
TS, -193,739669 220,0 24,5
TS; -193,734477 2211 39,3
P, -193,778760 229,8 -68,3
P -193,769457 2279 -45,7
RA; (C,HsCHO) -193,218338 220,5
RA; + CH3 -233,141142 298,3 0,0
TS, -233,065615 295,7 25,0
TSs -233,063905 295,2 28,9
TSe -233,055189 2948 51,5
P, -233,105525 305,2 -70,3
Ps -233,106386 302,3 -75,4
Ps -233,083703 299,3 -18,9
RA, (CsH,CHO) | -232.544726 295,1
RA, +CH; -272,402491 372,9 0,0
TS, -272,393570 369,6 20,1
TSg -272,389682 370,1 30,9
TSy -272,383379 368,4 45,6
TSqo -272,380841 369,2 53,1
P, -272,432280 379,7 -71,4
Ps -272,432545 377,9 -73,9
Py -272,416758 373,4 -36,9
P1o -272,409278 372,6 -18,1
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Hinh 1: Buong phan ng tach

Bén canh déy, san pham P; dugc hinh thanh theo
duong mot voi ndng lugng tuong quan la -71,2
(kJ/mol) théng qua trang thai chuyen tiép TS, (24,1
kd/mol). Mat khéc, ¢ cac duong phan ng tach H cua
nhom chicc CHO san pham hinh thanh ciing c6 gia
tri nang luong chénh léch nhau khéng Ion ddi Véi
cac hé phan ung khac nhau véi P, (-68,3 kJ/mol) va
Ps (-75,4 kJ/mol). Tir dwong phan Gng, ta nhan thay
cac nguyén tie H cung vi tri so véi nhém chirc CHO
clia cAc ankanal déu vurot qua hang rao c6 gia tri gén
bang nhau va cac san phim hinh thanh ciing c6 g1a
tri ning luong twong quan xap Xi nhau. Diéu nay
chiing to kha nang tach nguyén tir H cua cung mét vi
tri trén cac ankanal la twong duong nhau.

Tur cac dwong phan ng tach H & hinh 1 ta nhan
thdy khi nguyén tir cang xa nhém chiac CHO cua
ankanal thi nang luong tuong d6i cua trang thai
chuyén tiép va san phiam cang cao. Chiing t6 phan

Nghién cizu ly thuyét phan izng tach...
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H cua mot sé ankanal bai géc metyl

ring tach d& xay ra hon voi cac H ¢ gan nhém chirc
do hang rao nang lugng thap ddng thoi su bir trir
ning lugng cia san pham tot hon. Diéu nay cé thé
giai thich dinh tinh dya vao sy 6n dinh cia san pham
va do phan cuc cua lién két H-C(ankanal). Nhém
chicc CHO hat electron manh nén nguyén tue H cang
xa thi 6 phan cyc lién két C-H cang giam do hiéu
ng 1+ giam dan dén kha ning tach H kho khan hon.
Bén canh d6 san pham hinh thanh chua géc tu do, né
dugc 6n dinh hon khi & gan nguyén tir oxy do do am
dién cao c6 kha nang hut electron manh lam giam
mat do electron ty do ting dé bén san phim nhu P,
(-68,3 ki/mol) c6 ning luong tuong ddi thap hon Ps
(-45,7 kd/mol). Ngoai ra con c6 thé hinh thanh lién
hop giita obital chta electron doc than va lién két
d6i C=0 lam gdc bén hon va gia tri ning luwgng thap
hon nhu Pg (-73,9 kl/mol) thip hon P;(-71,4
kJ/mol).
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Hinh 2: Hinh hoc céc trang thai chuyén tiép va chat tham gia phan tng (Do dai lién két (A), goc lién két (%))
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Nghién cizu ly thuyét phan izng tach...

Bang 2: CAc théng sé nhiét dong AH , AG & 298 K ciia cac duong phan wng

Phan ting AH (298 K) | AG(298K) | AH (298K) (I_(Sallmol)
(kcal/mol) (kcal/mol) (thyc nghiém)
1. RA; + CH3— CH, + HCO -16,62 -15,90 -14,63
2.RA; + CH; —» CH,+ CH;CO -15,89 -15,64 -14,80
3.RA; + CH; —» CH,+ CH,CHO -10,93 -9,79
4. RA; + CH; —» CH, + CH;CH,CO -16,39 -16,13
5.RA; + CH; —» CH, + CH;CHCHO -17,68 -16,93
6. RA; + CH; —» CH, + CH,CH,CHO -4,38 -3,82
7.RA; + CH3 —» CH4+ CH3CH,CH,CO -16,58 -16,48
8. RA; + CH; —» CH;+ CH3;CH,CHCHO -17,31 -16,74
9. RA; + CH3 —» CH, + CH3;CHCH,CHO -8,39 -8,70
10. RA,; + CH3 —» CH,+ CH,CH,CH,CHO -4,10 -3,81

Céac thong sb nhiét dong nhu hiéu ung nhiét
(AH) va thé dang nhiét dang ap (AG) cua mot phan
{mg ciing ¢ thé duoc xac dinh bang ly thuyét [9].
Trong su tao thanh céc san pham P, (x = 1-10) tur
cac duong phan tng ta thdy cac qua trinh déu toa
nhiét va AG c6 gia tri &m thuan lgi cho cac phan wng
xay ra. Ung voi mdi hé phan tng khi nguyén tir H
cang xa nhom chac CHO thi gia tri AH, AG cang
cao chirng té cac nguyén tir H gan nhom chic thuan
loi hon vé mat nhiét dong hon khi tham gia cac phan
ring tach bai géc CHs, diéu nay phl hop véi gia tri
hang rao nang lugng cua cac duong phan tng duoc
xac dinh & trén.

Bén canh d6, so sanh mot s6 gia tri AH tinh
toan dugc voi gid tri duoc xac dinh bang thuc
nghiém [11-13] ta thdy gia tri chénh léch nhau
khéng nhiéu. Di véi phan ing cia HCHO khi tach
nguyén ti H hiéu tng nhiét thu duoc la -15,90
kcal/mol chénh so véi thuc nghiém 1,27 kcal/mol.
Nhu vay c6 thé khang dinh sy dung dan cta phuong
phép va bo ham co s¢ da st dung.

Nhu ¢ trén ta cd thé danh gia kha ning tham gia
phan (ng tach cta cic nguyén tir H & cac vi tri khac
nhau dua vao hang rao ning lugng va cac thong sb
nhiét dong. Bén canh do ta c6 thé sir dung gia tri do
cing d6 mém dé xac dinh vi tri nguyén tr H duoc
vu tién tham gia phan g tach vai goc CH,. Ta xac
dinh céc gia tri d6 cing d6 mém cua nguyén tir C
(gbc CH3) va nguyén tir H cia mot sb ankanal dau
day. Gia tri d6 mém cua nguyén tir X duoc xac dinh
theo cong thuc (1) [9].

s°(x) = 0,5.S.[q(N+1)-q(N-1)] @H)
v6i: S = 1/(IE-EA); IE la thé ion héa tht nhat;
EA 1a Ai lyc electron; g(N-1) la dién tich caan
nguyén tr X & trang thai anion; q(N+1) 1a dién tich

cua nguyén tir X ¢ trang thai cation.

bién tich cua cac nguyén tir dugc xac dinh theo
hai phuong phap tuong ng la cia muliken, Merz -
Kollman (MK).

Bang 3: Céc gié tri d mém cua nguyén tae H
cua phan tir ankanal

Phan tir Muliken MK
CH, 1,318959099 | 3,066035595
HCHO 0,364252984 | 0,303383455
CH,CHO 1,343259083 | 0,877457414
CH",CHO 1,925622459 | 1,635415097
C,HsCH'O | 0,513967163 | 0,733840877
CH,CH,CHO | 0,713304234 | 0,887716826
CH",CH,CHO | 1,079650728 | 0,97381245

Str dung phuong phap phiém ham mat do theo
mac B3LYP/6-311++G(d,p) ta thu dwoc két qua &
bang 3 ta nhan thay cac nguyén tir cang xa nhom
chirc gia tri d6 mem cang cao. Nhu vay théng qua
gid tri d6 mém ta c6 thé danh gia phan tng tach
hidro wu tién nguyén tir gan nhom chirc. Didu nay
pht hop voi céc két qua thu duoc & trén. Chang to
viéc su dung phuong phap tinh toan nay thu duoc
céc két qua déng tin cay.

4. KET LUAN

buong phan ung tach nguyén tir H cta cic phéan
tr ankanal dau ddy bai gbc CH; duoc nghién cau
bing phuong phap phiém ham mat do B3LYP/6-
311++G(d,p) va 6-311+G(3df,2p). Két qua cho thay
cac phan tng tach déu di qua trang thai chuyén tiép,
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Vai gia tri hang rao nang luong trong khoang tur 20,1
dén 53,1 kJ/mol. Ddi voi cac phan wng cing mot
ankanal, khi nguyén tir H & cang xa hhom chac kha
nang tach nguyén tir H cang khd. Tuong (ng Vvai gia
tri TS cao va ning luong twong quan cia san pham
thap. Két qua nay phi hop voéi gia tri hiéu ang nhiét
(AH), thé dang nhiét ding 4p (AG) cua cac duong
phan &ng. Bén canh do6 viéc xac dinh cac gia tri do
ctmg d6 mém cua nguyén ti C (goc CHs5) va nguyén
tr H cua mot s6 ankanl cho thay cac nguyén tu &
gan nhém chic ¢6 gia tri d6 mém thip hon nén kha
nang phan tng cao hon.

Loi cam on. Tran trong cam on Nafosted Viet Nam
tai tro cho céng trinh nay thong qua dé tai 6 ma sé
104-06-2015-85.
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