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Abstract

The reaction mechanism of the Ethynyl radical and CHyCN has been studied by the Density Functional Theory
(DFT) using the BHandHLYP functional in conjunction with the 6-311++G(d,p and, 6-311++G(3df,2p) basis scts. The
potential cnergy surface (PES) for the C;H + CHyCN system was also established. Calculated results indicate that
products of this reaction can be (HCCCH; + CN), (C,H, + H,CCN), (HCCCN + CHy), (H,CCNCCH + H), (HCCNC +
CH,). (HC(CH,)C + CN) and (H,CC+CH,CN). However, the formation of (C;H, + H,CCN), (HCCCN + CH;) and
(HCCNC + CH;) is the most favorable. This study is a contribution to the understanding of the reaction mechanisms of

in the

the cthyny] radical with many small radicals and molecule:

and c chemistry.

Keywords' Ethynyl radical. reaction mechanisms, Density Functional Theory, CH;CN, potential energy surface,
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1. GIOI THIEU

Tiép tuc cac nghién ctru trude ddy vé phéan img
cuia goc etinyl (C;H) véi cac hop chat ton tai trong
khi quyén (1-10], dac bigt la véi cac hgp chit chira
N, da tien hanh khao sat co che cua phan (mg gia
C,H véi CHyCN. Céc san pham co thé tao thanh nhu
sau:

HCC + CH;CN — C,H, + H,CCN (1)

HCC + CH;CN — HCCCN + CH, (2)

HCC + CH;CN — HCCNC + CHy 3)

HCC + CH3CN — H2CC + H,CCN 4)

HCC + CH;CN — HCCCH, + CN (5)

HCC + CH;CN — H,CCNCCH +H  (6)

HCC + CH;CN — HC(CHy))C+CN  (7)

Trén co s cée dinh hudng phan ing nay, di ap

dung cac tinh toan trong héa lugng tir dé khao sat va

danh gi kha nang xdy ra cia cdc dugng phan (mg va

tr do dy doan cac san pham co thé cua phan (mg
gita C;H va CH,CN.

2. PHUONG PHAP TiNH

Ciu tric hinh hoc cia cac chbt phan (ng, cic
chét trung gian, trang thai chuyén tiép va cac san
pham déu duoc t5i wu theo phuong phap phiém ham
mat d§ & mic BHandHLYP/6-311++G(d,p) [L1].

Trong d6 trang thai chuyen tiép dung dugce xac thye
bang viéc phan tich tan sb dao déng. Nang lugng
diém don duoc cai thién & mirc tinh 6 bd ham co so
cao hon BHandHLYP/6-31 I++G(3df2p) [1]. T
c4c két qua nhan duge sé thiét lap bé mat thé néng
va xac dinh cac thong so nhiét dong cua he Tit ca
cic tinh toan déu dugc thuc hién bing phan mém
Gaussian 03 [12].

3. KET QUA VA THAO LUAN
3.1.Géc C;H

Géc etinyl bao gdm 3 nguyén tir duge danh sbir
1 dén 3 (theo hinh 1). Trong cac huéng phan ing
néu trén, nguyén tr C2 va C3 déu c6 kha ning tan
cong vao phan ti CH\CN. Nhimng hiéu biét vé hoa
hoc co ién cho thiy kha nang nguyén tir C cia goc
C;II tan cong vao phan tr CH,CN dé dang hon khi
xudt th[\ electron ty do. C;H c6 thé tdn tai & hai
dang chu tric dién tir. Cy thé la H-C=C: va
Théng qua cic phuong phap tinh toin da de cap &
trén ching 101 thu duge cau triuc da duge t8i uu héa
v hinh anh vé ham electron dinh V| ELF (Electronic
Localized Function) cua ching. Két qua duge bigu
dién & hinh 1.

Sw phan tich NBO ciing nhu hinh anh cua ham
ELT théng qua tinh todn héa hoc Iuorn§ tir cling hoan
toan phu hop véi quan diém cb dién ve hai dang chu
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tric cua C,H. Hinh 4nh vé& ELF cho biét sy phéan bd
chi tiét mét 4§ electron trong phan ur. R3 rang, mat
46 electron chua tham gia lién Kkét (electron riéng)
trén nguyén wr C3 ¢ chu lruc H-C=C: 1a 16n hon (2
electron riéng) ddi v6i chu tric H-C=C' (1 eletron
riéng). Mt khac néu xem xét mét dé clectron giira 2
nguyén tor C2 va C3 (cac electron lién két) coa H-

ELF

1.0 0.8 0.6 0.4 0.2 0.0

Nguyé‘n Thi Minh Hu¢ va cjng sw

€=C: v6i lidgn két bdi 2,5 la thap hon cdu tric
H-C=C vai lién két boi 3. Cudi cung, néu so sanh vé
dd bén coa hai chu tric nay thi theo tinh toan cta
chung t3i mac d chénh I§ch nang lugng gira hai
céu tric khoang 8,9 kJ/mol va gi trj nay ciing hoan
t0an phit hgp véi thyc 1€ 1a trang thai co ban cua goc
etinyl ing véi céu tric H-C=C'.

H-C=C

(2

1.0 0.8 0.6 0.4 0.20.0
[ oe—

Hinh ] Hai dang céu triac electron va gia tn ELF tuong img cia goc C;H

3.2. Duong phan ing

C6 7 dudng phan (g co thé xay ra dbi vai hé C,H + CH,CN:

1IC{CH;)C+CN
(PRT)

HCCCH,+CN

H;CC+CH,CN

(PRS) (PR4)
(TSS) (T54)
(TS 1) (TS3a) (TS3b)
NCCH*CHyCN =——— 11CC+CHLCN — o HCCNCCH,y —Rm HCCNCHCH,
(PR1T) m (RA) Ga (1532) (PR3)
(Za)l(TSZB) (6b)l{756b)
N
HCCC g HCCNC(H)CH,
H
(152a) (156b)
(2b) [(TS2b) (6c)l(T56c)
IICCCN+CH, H,CCNCCH+H
(PR2) (PR6)

Hinh 2: Co ché cia phan g gita C;H véi CHyCN

Duong plmn irng 1: Cac chit ban dau qua trang
thai chuyén tiép TSI dé tao thanh san pham PR1.
Khoing cich C-H trong trang thai chuyén tiep TS]
img v&i su chuyén H tir CH,CN sang HCC la 1,685
A. Hang rdo ning lugng ciia phan ing nay la 4,2
kJ/mol.

D:m'ngphan ing 2: Trong dudng phan iing nay,
he chit phan img trai qua hai hai trang thi chuyen
llcp (TS2a,TS2b) va mét san pham trung glan (lSZa)
dé ta0 ra sin phim PR2. Trang thai chuyén tiép
TS2a dugc tao thanh do sy thn cdng cua nhém HCC

vao nguyén tir C lién két vai N cia CH)CN, khoang
cach C-C & diy la 2,303 A. Hang rio ning lugng
cua giai doan nay b%ng 3,6 kJ/mol. Sau khi vugt qua
giai doan nay, hé chat tao ra san pham trung gian
[S2a, tir ddy chuyen qua trang thai chuyen tiep TS2b
dé tao ra san pham khoang cach C-C ¢ day la
2,194A va nang lugng tuong dbi cia TS2b la -83
kJ/mol.

Ducng phan ing 3: Gibng véi dudng phan (g
2, & dudmg phan {ing nay, cac chét ban dau qua trang
thai chuyén llép TS3a chuyen thanh chit tcung gian
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1S3a. Trang tha chu[ven tiép TS3a duge tao thanh do
sy tin cong coa goc HCC vao nguyén tir N coa
CH,CN, khoang cach C-N & day a 1,877 A. Hang
rio nang lugng cua piai doan nay la 9,0 ki/mol. Tir
chal trung gian 1S3a, h¢ trit qua trang thé chuyén
liép TS]b chuyén thanh san phim PR3. Trang thii
chuyén tiép TS3b duge tao thinh do sir thch nhom
CH, ra khén 1833, khoing céch C-C & day la 2.267
A. Nang hrong twong doi caa TS3b 13 -14,0 kI/mol.

Durong plum ting 4: Gidng vai duu—nb phan IHIE
1 day 1a phan img mot giai doan, cav chat ban dau
qua trang thin chuyén tiép TS4 chuym thanh san
pham PR4. 'lrang thai chuyén tép TS4 duge tao
thanh do sir chuyen nguyén tr H coa CHLCN sang
nguyén o C2 trong HCC. Cae khoang cach C-H
trong TS4 Jan lugt 13 1,315 va 1,375 A. Hang rio
nang lugmg cta phan tng nay 12 76.3 kJ/mol.

Duwing phan ting §° Tuong ty phan tmg 1 va 4,
Phin g § cling 1a phin img mot giai dogn. 3 day,
nhom CN cita CHyCN duge thay thé bang nhém
HCC. Bé 130 ra san pham PRS cac chat phan (mg
phat tray qua trang thai chuyén uép TSS & do co sp
phin cit liégn két C=C va hinh thanh nén lién két
C-C ma trong phan tr hydrocacbon khéng no. Cac
khoang cach C-C trong trang thar chuyén tiép TS5
lan lugt 1a 1,792 va 1.786 A. Hang rao nang luong
cua phan img nay la 174,0 kJ/mol.

Dudng pluin tng 6 Day la duong phan ing
phirc tap nhdt trong hé cht phan {mg nay, nd bao
gom ba giai doan. Giai doan 1, giong nhu piai doan
1 cia dudng phan (mg 3. Giaj doan 2, chat trung
man IS3a qua trang thar chuyén nép TS6b chuyun
thanh chét trung gian IS6¢. Trang thar chuyén tiép
TS6b duge tao thanh do su chuyén nguyén tir H cua
nhém CHj sang nguyén tir C lien ké trong 1S6a, cic
khoang cach C-H & day lan lwot 1a 1,314 va 1412 A,
goc CHC 1a 61,2° Niang Iuong twong dbi cia g
doan nay 1a 45,0 ki/mol. O giai doan 3, chit trung
gran 1S6¢ qua trang tha chuycn lle TS6c thanh san
pham PRG. Trang thar chuyén tiép TS6e duoc 1o
thanh do sur tach nguyén tir H cua nhém CH hén két
vén N ra khér JSG6e, khoang cich C-H & day la
1,942A. Nang lugng tuong déi cia TS6e 1a 85.4
kJ/mol.

Dmmg phdn dng 7: Phan {mg 7 1a phan img
mét giai doan, cic chit ban dau qua trang thii
chuyen l|ep 87 chuyén thanh san pham PR7. Trang
thér chuyén tiép TS7 duoc tao thanh do nguyén tir
€2 trong HCC tén céng vao nguyén tir C coa nhém
CH; trong CH,CN dong thai hién két C-C cua
CH;C\‘ sé bi dirt ra. Cac khoang cach C-C trong
TS7 lan luot 13 1,810 va 1,979 A. Hang rio ning
Juong cua phan tmg nay la 306,2 kI/mol

Nghién ciru li thuyét co ché ...

Chu tric 43 18i wu héa dbi véi cic chit trung
gian vA trang thai chuyén cta cic qué trinh trén duge
dua ra @ hinh 3.

(,éc duémg phan ung mo td & trén dugce trinh bay
chi tét rén bé mal thé néng & hinh 4.

Trén quan diém thuyét lrang thai chuyén ép ciia
dong hoéa hoc, két ho‘p véi céc sb liéu thu duge tir bé
mat thé ndng cho thay cac phan img khé ¢6 kha néng
xay ra vé mat dong hoc la phan ung 4,5, 6va7 Dic
gt 1a dudmg phan (mg 7 hau nhu khong c6 kha
niing xay ra vi hang rao ning hrong hoat héa qué cao
(306,2 kJ/mol). Cic phan tmg 1, 2 va 3 la nhimg
phan Ung cé kha ndng xay ra hcn ca (hang rao ning
trgng vi n.ing hrgng tuong d6i caa cac trang thai
chnycn lup, san pham (rung gmn va san phan cudi
cang déu thip). Mot cach twong dor (xét trén bé mat
thé nang). thir ty wu tién kha nang xdy ra phin img
coa CH vér CHLCN cho cac san pham khac nhau
dirgre thé hién trong trdt ty sau: Phan img 2 > phan
{mg 1 > phan tmg 3 > phan (mg 4 > phan (ng 6 >
phanimg S > phan img 7.

3.3. Entanpy, entropy va ning luq’ng tu do

Két qua linh todn cac tham so nhiét déng & diéu
kién chuan cho thay bién thién thé dang nhigt - déng
ap cua cic dudng phan ang 1.2, 3, 4 déy co gla rj
am. Diéu nay chimg (6 ring cic qua trinh niy déu cb
thé wr xay ra. Trai lai, phan (mg 5, 6 va 7 c6 bién
thién thé ding ap-dang nhiét duong nén cac phan
(mg nay sé khong c6 kha nang ty xay ra vé mit nhiét
dang lyc hoc. Méc khac hudng phan umg 4 c6 kha
ning xay ra vé mit nhiét déng hoc nhung lai kho
xdy ra vé mit dong hoc vi hing rao ning luong kha
a0 (76,3 kJ/mol). Nhu viy. phan Ung giira C,H va
CH,CN s& ¢d 3 huéng chi yéu 1a huéng | 1o sin
pham PRt (HCCH+CH-CN). hudng 2 tao san pham
PR2 (HCCCN+CH,) va hudng 3 130 ra san phim

PR3 (HCCNC*—CH\) Cac thong tin thyc
ngliém duge cong bé gan diy nhat di di xac nhin
vige 190 thanh 2 san pham PR1 va PR2 [13]. Cing
theo tat héu nay, bién thién entanpy coa phan img |
v 2 1an luot 13 -180,0 va -150,0 kJ/mol, néu so sinh
cac pia tri thye nghi¢m nay vai cac gia tri bién thién
entanpy cl\ung 61 tinh duqc la -172,4 va -137,9
kJ/mol sé thay rang cac két qua tinh duge 12 khé phit
hop voi thue nghiém. Tuy nhién vin chua c6 théng
tin thye nghi¢m nao [14] xac nhin viéc co thé hinh
thinh san phim PR3 theo duéng phan img 3 mjc du
két qua tinh dugc da chimg t6 ¢6 kha ning tao thanh
sin pham nay Hy vong ring vai két qua thu duoc co
thé gip cic nha thyc nghiém tham khao dé co thé
chimg minh sy tao ra san pham PR3 trong phan img
C,H + CH,CN.
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Mét van dé khic cling cAn dugc quan tam 12 so

sanh kha néng phan img gita C,H v&i HCN va 3.

CH,CN. Chc két qua tinh toan li lhuycl coa ching
161 cho lhﬁy phan mg gua C,H véi HCN va CH,CN

du ¢6 thé 120 ra san pham HCCH. Tuy rhién, véi 4.

hing rao nang lugng tuong dmg Ia [a 43,0 kJ/mol [9]
va 4,2 kJ/mol thi phan (mg gira C,H véi CH,CN

thuan lgi hom nhiéu. s.

4. KET LUAN

1. D thiét 1ap dugc bé mat thé nang ddy di cua
phan img C,H + CH,CN, ur két qua thu duge cho lhéy

kha ndng xdy ra cua cic duomg phan ing nhu sau: 7.

dudmg phan \mg 2 > dudomg phan (mg | > dudng
phan umg 3 > duong phan img 4 > duomg phan img 6

> dudng pban img 5 > dudng phan img 7. Trong do, 8-

kha nang xdy ra duémg phan img 1 (a0 san pham PR1
(HCCH + CH,CN), duong phan img 2 tao thanh san
pham PR2 (HCCCN + CH,) va duong phan img 3 tao

thanh san phim PR3 (HCCNC + CHj) 1a thugn o %

hom ca.

2. Cac tham s6 cau tric ciing nbu cac tham sb nhigt
déng ciing duge tinh toan va phan tich. V& co ban, cic
théng tin thu durge tir cae phép tinh li thuyét 13 phi hop
vor thue nghi¢m.
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