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Tém tit
Phan vng CZ{!CI goc propynylidyne va propanenitril da dwoc nghién ciru bq’i ly thuyét phiém ham mdt
d?o” (DFT)voi phiem ham B3LYP VOi @,o” ham co so 6—311+-’1—G(d,p). 7T1:t' do, thé nang bé mat (PES) cua hé
CH+C,H.CN ciing dwgc thiet lap. Két qua tinh toan cho biét san pham cua phan iing nay co the la (CCCH,
+ CH CH,CN), (CCCH, + CH CHCN) (c-HCCCH + CH CH,CN), (c-HCCCH + CH CH,CN), (C.HCN
+ CZH5) (HCCZNCCHCH + H) (HCC,NCCH, + CH3) (HCCCHNC+ C,H,) va (c- CﬁCN + CzH5) Tuy
nhién, sy tqo thanh (c—HCCCH + CH CH,CN) va (HCCCHNC+ C,H) la thugn lgi nhat. Nghién ciru ndy

la mot doéng gép cho sw hiéu biét vé kha nang phan vng cua goc propynylidyne voi phan tir nho trong khi
quyén va héa hoc dot chay.
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Abstract

The reaction of the propynylidyne radical and propanenitrile was examined by the Density Functional
Theory (DFT) using the B3LYP functional in conjunction with the 6-311++G(d,p) basis sets. The potential
energy surfage (PES) for the C H+C,H sCN system was also esta'blished. Results indicate the products of
(CCCH, + CH,CH,CN), (CCCH, + CH,CHCN), (c-HCCCH + CH,CH,CN), (c-HCCCH + CH,CH,CN),
(C,HCN + CZH5) (HCCZNCCHCH + H) (HCC,NCCH, + CH,), (HCCCHNC+ C,H ) and (c- QHCN +
C JH 5) However, the formation of (c-HCCCH + CH CH CN) and (HCCCHNC+ CH 4) is the most favorable.
Thus, this study contributes to understanding the reactton of the propynylidyne radical with molecules in the

atmosphere and combustion chemistry.
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1. Gi6i thiéu

Propanenitrile (CH,CH,CN) 1a mot chét 1ong
khong mau co thé hoa tron v&i nude, ethanol,
dimethylformamide, va Diethylete. Nhié¢t do
nong chay -93°C, nhiét o s6i 97,2°C. N6 duoc
st dung trong tong hop hitu co lam dung moi.
Propanenitrile 1a mot hoa chat doc, nguoi bi nhiém
ddc cam théy budn nén va non, suy nhugc ho hép,
co giat, hon mé va gay quai thai (Hartung, 1982;
Willhite, 1981). V& céu tao héa hoc, C,H.CN
gom c6 goc —C,H, lién két v6i nhom -C=N. Trong
gbc nay, hai nguyén tir cacbon lai hoa sp3 tao
nén nhing lién két xich ma v6i nhau va voi nim
nguyén tir hydrogen. Do d6, phan gdc alkyl nay
6 kha ning tham gia cac phan ung thé, phan tng
tach, phan (mg phan hity va phan ung chuyén vi
(Thai, 2008). Trong khi do, nguyén ti C trong
nhom -C=N lai héa sp tao lién két ba v6i nguyén
tir N, do d6 n6 chiém vi tri dic biét hon so véi
hai nguyén tir C da xét. Nhom chuec nitrile c6 kha
nang tham gia phan ung cong vao vi tri nguyén tu
C va N tao nén cac san pham cong. Do hiéu ung
electron, nén nhém -C=N ciing c6 thé giy anh
huong dén kha ning tham gia phan tng cia céc
nguyén ttr con lai (Tran & cs., 2011)

Propynylidyne dugc tim thiy ¢ khoang khong
gian, trong dam may tdi den giira cic vi sao WM
Irvine & cs. (1984). Yamamoto & cs. (1987) da bao
cdo phd quay cua gdc c—C3H duogc phat hién trong
phong thi nghiém va trong khong gian gitra cac vi sao.
Mat d¢ cot cta gbc c-C,H duoc udc tinh 1a 6,1012
cm?, tuong duong véi mat do cot cua géc I—CSH va
thap hon khoang mét bac so véi C,H,.
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*081

59.69 1.374

1.320
\60.16
e

120.00
NI
1.070 WC ,

Hinh 1. Ciu tric hai dang ciia gbc C,H
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Phan tmg ciia géc C,H véi cac phan tir chat vo
co nhitng ndm gam day bang 1y thuyét phiém ham
mat d6 B3LYP/6-311++G(d,p) va cac cach tinh & cap
d6 cao hon nhu CCSD(T)/6-311G(2d,p); QCISD/6-
311G(d,p); QCISD(T)/6-311+G(3df,2p), CCSD(T)/
aug-cc-pVTZ, ... dd dugc nhiéu nhom nghién ciru
thuc hién. Cy thé nhu trong nghién ctru phan tng
trong h¢ C,H + S cua Flores & Gomez (2001); C.H
+H,0 cua Dong & cs. (2005); C.H + NO cua Xie &
¢s. (2006); hay C.H + O, ciia Zhu & cs. (2013)... K&t
qua ciia cac nghién ctru nay dong gop dang ké cho
su hiéu biét vé géc C,H trong qué trinh dét chay va
khong gian gitta cac hanh tinh.

Mat khac, day géc tu do C H dugc sinh ra trong
qua trinh dot chdy héa hoc ma dién hinh 1a goc C,H
da duogc nghién cuu ky ludng ca bang thuc nghiém
va ly thuyét: phan tng ctia gbc ethynyl (C,H) voi
cac hop chat R-CN (R: H, CH,, C,H....) b&i Tran
& Nguyen (2011),..; nghién clru thyc nghiém boi
Nizamov & Leone (2004)... va cac nhdm nghién ctru
khac. Do dé, nghién ctru Iy thuyét phan tng cta gbc
propynylidyne (C3H) voi propanenitrile (C,H,CN)
la gép phan mo rong hiéu biét vé phan tng cua loai
gbe C,H nay. Trong bai viét nay, chung toi trinh
bay cac két qua khao sat phan ung tach truc tiep
nguyén tir hydrogen va phan rng cdng tach trong
cac duong phan Gng gitra gbc propynylidyne (C3H)
voi propanenitril (C,H,CN).

2. Phuong phap tinh

Trén co so céc tai liéu tham khao cac cong trinh
nghién ctru vé co ché phan tng, chiing t6i lya chon
ly thuyét phiém ham mat do voi phiém ham B3LYP
cung bd co 8¢ 6-311++g(d,p) dé thuc hién toan bd
cac tinh toan. Cac tinh toan dugc tién hanh trén phan
mém Gaussian 09, két hop cac phadn mém hd trg nhu:
Gaussview 05, Chemcraft, Chemoffice.

Céu tric hinh hoc cua cac chat phan tmg (RA),
cac chat trung gian (IM), trang thai chuyén tiép
(TS) va cac san pham (PR) déu duoc tdi wu hod ly
thuyét phiém ham mat d6 (DFT) st dung pham mém
Gaussian 09 v6i phiém ham B3LYP va b ham co
s& 6-311++g(d,p).Trong do, trang thai chuyén tiép
dung duogc xac dinh bang viéc phan tich tan s6 dao
dong, va do nhiéu spin (S?) va toa do thyc ctia phan
tmg. Ning lugng diém don ciing dugc tinh ¢ mirc
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B3LYP/6-311++g(d,p). Tur két qua tinh toan s& thiét 3. Két qua va thao luin
14p dugc bé mit thé ning, xéc dinh duoc cac thong 3.1. Dy kién so' d6 phan &ng va cdu tric
s6 nhiét dong hoc cua cac duong phan tng trong hé  hinh hoc
va la co so cho cac nhén xét, danh gia vé kha nang Céc hudng phan tmg cia géc I-C3H+CH3CH2CN
phan tmg cua cac duong phan umg dy kién trong hé  va ¢-C H + CH,CH,CN dugc khao st va mé ta chi
chat nghién ctru. tiét trong hinh 2 va hinh 3 duéi day.
TS1 » PR1
(C,CH; + CH,CH;CN)
TS2 » PR2
(C2CH, + CH:CHCN)

I-C;H + C;H;CN
RAl —» TS5 — IM1 — TS51— PRS
(C:HCN + C;Hs)

TS6/1 — PR6
(HCC,NCCHCH; + H)

TS6 — IM2 TS6/2 — PR7
(HCC;NCCH; + CH:)

TS6/3 — PRS
(HCCCHNC + C;H,)

Hinh 2. So' d6 phén tng ciia gbc I-CsH va C,H.CN

TS3 + PR3
(C-C;Hg_ + CH:CH;CN)

C-C3H + CQH5CN
RA2

TS4 * PR4
(C-Cg,Hg_ + CH;CH;CN)

TS7 — IM3 —— TS71 —— PRY
(c-C:HCN + C;Hs)

Hinh 3. So d6 phan g ciia gbc c-CsH va C,H.CN
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3.2. Cau tric hinh hoc cia trang thai chuyén
tiép va san phim trung gian

va trang thai chuyén tiép (TS) dugc tinh toan chi tiét
thé hién & hinh 4 dudi day
TS1 TS2 TS3 TS4
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< 164.88 1.322 1335
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TS6/3 TS7 IM3 TS7/1
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1.359 .° £ 1.309
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Céu trtc hinh hoc ciia san pham trung gian (IM)

1,086 s
11520\ 1.409
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Hinh 4. Cau truc hinh hgc ctia IM va TS [D¢ dai lién két (R), goc lién két (o),
dau cham thay cho dau phay chi phan thip phan]
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3.3. Két qua tinh toin

Giita hai dang dong phén cdu tao cua gbc CSH
c6 su khac biét vé nang lugng, qua trinh dong phan
hoa thé hién qua can bang:

[-CCCH(g) —= ¢-CH(CC)(g)

Su chuyén hoa giira hai dong phan xuat hién
trang thai chuyén tiép c6 ning luong tuong d6i 1a
118,1 kJ/mol va mtc nang lugng khac biét gilra
chung 1a 4,6 kJ/mol. Nhu vy trong hé chat phan
mg hai dang dong phan nay c6 thé cliing ton tai va
su chuyén hoa gitra chiing theo can bang trén 1a
kha kho. Mit khac cac thong s6 nhiét dong hoc cua
qua trinh: AH® = 1,8 kJ/mol; AS°=-2,1 J/mol.K va
AG° = 2,4 kJ/mol cling xac nhén kha nang do.

3.3.1. Phanvmg tach trec tiép nguyén tir hydrogen.

Phan (g tach truc tiép nguyén tir hydrogen tao
nén san pham nhu so d6 sau:

[-CCCH + C,H,CN — [-CCCH, + CH,CH,CN  (a)
[-CCCH + CH,CN — [-CCCH, + CH,CHCN  (b)
c-CH(CC) + C,H.CN — ¢-HCCCH + CH,CH.CN (c)
c-CH(CC)+C,H,CN — c-HCCCH +CH,CHCN  (d)

Pé tao san pham PRI, nguyén tir hydrogen &
nhom CH (Hﬁ) trong phan te C,H.CN, bi tach ra voi
gbe C,H tao nén san pham (CCCH + CH CH,CN).
6] duo‘ng phan ting nay, hé chat phan tmg phal diqua
trang thai chuyén tiép TS1. Tai day, do dai lién két
C-H trong nhom CH, dan bi dut ra 1a 1,436 A, lién
két H-C méi dang hinh thanh 1a 1,274 A, d6 nhiéu
spin S? = 0,78 va hang rao nang lugng 1a 79,1 kJ/
mol. Khi hé chat phan (mg trai qua trang thai chuyén
tiép TS2, nguyén tir hydrogen duoc tach tir nhom
CH, (H,) ctia phan tir C,H.CN tao ra sin pham PR2
(CCCH, + CH,CHCN). Khoang cach C-H trong
trang thai chuyén tiép TS2 1a 1,329 A. Khi so sanh
v6i trang thai chuyén tiép TS1 cho thay khoang cach
C-H & day hoi dai hon (1,329 A so voi 1,274 A)
va lién két C- H bi kéo gian it hon (1,364 A so véi
1,436 A) va hang rao ning lugng cua phan tmg nay
1a 57,0 kJ/mol gia tri nay thap hon so véi phan ting
tao san pham PR1. Cin cr vao gia tri hang rio ning
lugng, phan tng tach tryc tiép nguyén tir hydrogen
H, dé hon so véi H,.

Trong phan Gng tach nguyén tir hydrogen tao
ra san phdm ¢-HCCCH (so dd b) hé chét trai qua
trang thai chuyén tiép c6 nang luong thip hon so
v6i tao thanh san pham CCCH, (so d6 a). Trang thai
chuyén tiép TS3 VO’l su tach H cua C;H,CN va lién
két vai C, trong gbc c- C,H tao thanh san pham PR3
(c- HCCCH + CHZCHZCN) Khoang cach C-H trong
trang thai chuyén tiép TS3 1a 1,353 A va 1,338 A
day 1a nhitng khoang cach tng véi su chuin bj hinh
thanh lién két C,-H cua gbe c-C,H va sy phan li lién
két C-H cua nhom CH,. Hang rao nang lugng ctua
phan tng nay 1a 49,3 kJ/mol. O trang thai chuyén
tiép TS4 ung véi su tach nguyén tr Ho tao thanh
san pham PR4 (HCCCH + CH,CHCN). Khoang
cach C-H trong trang thai chuyén tiep TS4 tng voi
su phan cat va hinh thanh lién két C-H 1a 1,337 A
va 1,382 A. Hang rao ning luong ctia phan Gmg nay
1a 30,4 kJ/mol. Két qua tinh bé mit thé niang cho
thdy theo so d6 (b) mirc do phan Gng tach truc tiép
nguyén tr hydrogen H_ thuén loi hon so véi H , diéu
nay dugc g1a1 thich do d6 bén cao hon cta goc bac
hai so voi goc bac mot.

Nghién ctru cac phan g tach truc tiép nguyén
tir hydrogen cua gbc C,H trong hai so dd (a) va (b)
0 dang mach ho va dang mach vong cho thay goc cé
céu triic dang vong phan mg thuan lgi hon so véi
dang ho. Ddi v6i nguyén tir hydrogen Ovitrio(H)
thuan loi horn so voi vi tri B (Hy), didu nay dang cho
ca dang cdu tric ho va vong. Nhu vay, goc c- -C,H dé
tham gia phan tng tach tryc tiép nguyén tir hydro gen
hon so véi goc [I-C.H.

Mat khac, khi xem xét cung loai phan ng tach
truc tiép nguyén tir hydrogen trong phan tng ciia
gbe C,H véi phan tir C,H,CN két qua thu duoc 1a
phu hop véi nhau vé xu hudng va mic do phan ung
(Tran & Nguyén, 2011). Cu thé 14 phan tng tach Ha
cung thuan loi hon H, do ¢co hang rao nang lugng
thap hon. Sy khac blet cha yéu ¢ hai gbc nay dé 1a
c4u truc dang vong ciia C,H trong khi C,H khong ton
tai cau tric nay.

Két qua tinh chi tiét bé mat thé nang cua phan
tng tach truc tiép nguyén tir hydrogen duoc trinh
bay ¢ hinh 5.
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E (kJ/mol)

A

79,1
80 T

/TS

60 + 57,0
; PeIELN

-60 T

Aors2 N

49,3
o —— ~
o TS3 N Sl _42.5
N ~— PR1
30,4
e,
Tsa L

1 — RA 12 c-C3H
— RA 12 1-C3H

— PR4

Hinh 5. B& mit thé niing ciia cac dwdng phan éng tach hydrogen

3.3.2. Phan img cong-tach nhiéu giai doan

Néu trong phan ng tach truc tiép nguyén tu
hyidrogen la phan trng mét giai doan su tao thanh san
pham 14 twong d6i don gian thi trong phan tmg cong-
tach thuong trai qua nhiéu giai doan qua trinh tao ra
san pham 1a phirc tap va phong phti hon. Két qua cua
qué trinh nay 1a cac san pham tir PRS dén PRY trong
so d6 phan g duoc tao thanh & hinh 2 va hinh 3.

Dé tao nén san pham PR5 (CCCHCN + C,H,)
hé chat phai trai qua hai giai doan. Giai doan 1, tao
thanh san pham trung gian IM1 thong qua trang thai
chuyén tiép TS5 (gbe C,H cong vao nguyén tir C,
cua C,H,CN), khoang ciach C-C ¢ day la 1,988 A,
do nhleu spin S? = 0,77 va ¢6 hang rao nang luong
bang 45,7 kJ/mol. Giai doan 2, hé chat trai qua trang
thai chuyén tiép TS5/1 dé tao ra san pham PR5, & ddy
c6 sy phan cat lién két C-C vé6i khoang cach tuong
mg bang 2,161 A va c¢6 nang luong tuong ddi bang
75,2 kJ/mol.

Trong diy phan tng tao thanh cac san pham
PR6 (HCC,NCCHCH, + H), PR7 (HCC,NCCH,
+ CH,) va PR8 (HCCCHNC + CH,) cling trai qua
hai g1a1 doan. Giai doan 1, ¢ trang thai chuyén tiép
TS6 gbc C H tén cong vao nguyen tor N cta phan
tur CH CH, CN tao thanh san pham trung gian IM2,
lién ket moi N-C dan h1nh thanh ban dau d¢ dai lién
két 1a 2,251 A va rit ngan con 1,223 A. Hang rao
nang luong cta TS6 1a rat thip va bang 6,7 kJ/mol,
d6 nhiéu spin bang 0,77 day duoc coi 1a huéng phan
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{ng wu tién nhit trong hé. Giai doan 2, hé chit phan
(g trai qua cac trang thai chuyén tiép TS6/1, TS6/2
va TS6/3. Khoang cach Gmg v&i sy phan cit lién két
C—C trong cac trang thai chuyén tiép nay lan luot
bang bang 1,534 A va 2,801 A; 1,097 A va 2,317 A;
1,495 A va 1,801 A; Ning lugng tuong d6i cua cac
trang thai chuyén tiép nay lan luot 1a 104,6 kJ/mol;
93,1 kJ/mol va 17,0 kJ/mol. V& mat nang lugng da
s6 cac phan ung cong-tach déu cé gia tri cao hon
s0 v6i phan tng tach truc tiép nguyén tir hydrogen,
do d6 céac phan ing cong tach xay ra khé khan hon.
Riéng phan tng cdng tao thanh IM2 va PR8 c6 nang
luong twong ddi 1an lugt 1 6,7 va 17 kJ/mol thap
hon so véi cac phan ung tach nguyén tu hydrogen
nén dé xay ra hon.

Dé tao san pham PR9 (CCHCCN + C 5), hé
chat phan u’ng chuyén qua hai trang thai chuyen tiép
TS7, TS7/1. O giai doan mot, hé cac chat phan tng
di  qua trang thai chuyén tiép TS7 (nguyen tir C1 cua
gbc c- C H vao nguyén tir C lién két ba voi N cia
CH CN) hinh thanh nén san pham trung glan IM3,
khoang cach C-C & day la 2,013A va rtt ngan con
1,475 A, d6 nhiéu spin S? = 0,76. Hang rao nang
lugng cua giai doan nay la 93,3 kJ/mol. Giai doan
hai, hé chét trai qua trang thai chuyén tiép TS7/1 dé
tao ra san pham PRY, & day co su phan cit lién két
C-C v6i khoang cach tuong g bang 2,241 A va co
nang luong twong d6i bang 20,4 kJ/mol.

Bé mit thé ning cua cac duong phan tng cong-
tach, dugc trinh bay chi tiét trong hinh 6.
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Hinh 6. Bé mit thé ning ciia cac dwong phan ing cdng tach giira CsH va C,H.CN

Trén quan diém 1y thuyét trang thai chuyén tiép
ctia dong hoa hoc, két hop s liéu thu duogc tir bé mit
thé nang cua phan tmg c6 thé thay kha ning xay ra
cta cac duong phan Gng 13 kha phirc tap. V& mat
dong hoc, su tao thanh cac san phém PRS5, PR6, PR7,
PRY véi cac gia tri hang rao nang lugng tuong ung la
45,7; 93,1; 104,6 va 91,3 kJ/mol la nhiing phan Ging
kho xay ra hon. Trai lai, sy tao thanh cac san phﬁm
PRS lai dé xay ra vi hang rao nang lugng ciia duong
phan mg nay thap (6,7 kJ/mol va 17 kJ/mol) va la
thap nhat trén bé mit thé nang. Nhu vy, trong cac
dudng phan tmg cong-tach giira gc C3H va C2H5CN,
thi phan tng tao PR8 c6 kha nang xay ra nhat.

3.3.3. Nhiét dong hoc cua sw hinh thanh san phcfm

Két qua tinh cac tham s nhiét dong & didu kién
chuan cho tt ca cac duong phan trong bang sau:

Bang 1. Gia tri thong s6 nhiét dong hoc cia cac
duong phan trng

Puwong AH', AS° AG’
phéan ing (kJ/mol) (J/mol.K) (kJ/mol)
PRI 43,2 20,7 37,0
PR2 -7,2 14,4 -11,5
PR3 -3,7 12,0 -7,3
PR4 -54,1 5,7 -55,8
PRS 53,7 19,0 48,0
PR6 91,7 -52,4 107,3
PR7 35,4 -11,9 39,0
PRS -136,2 1,8 -136,7
PR9 -4,1 8,8 -6,8

Gia tri thong sb nhiét dong hoc thu dugc tir cac
duong phan ung cho phép du doan kha nang phan
g cho cac nhom phan tmg. Cu thé:

Nhom phan ung tach truc tiép nguyén tu
hydrogen tao ra cac san pham PR2, PR3 va PR4 c6
AG’,, < 0. Cic phan trng nay hoan toan c6 kbé nang
xay ra, trong d6 duong phan trng tao san pham PR4
1a thuan lgi nhat, két qua nay pht hop véi két qua tinh
bé mit thé nang. Phan (mg tao san pham PR1 c6 bién
thién thé dang nhiét—dépg ap duong (AG’,,, > 0) nén
phan trng nay khong thé tu xay ra & 298K, nhung van
c6 thé xay ra khi ¢ nhiét do cao hon do AH°298= 432
kJ/mol >0 va AS° ;. = 20,7 J/mol.K > 0.

Nhom phan tng cdng-tach, cac phan img phan
{ing tao san pham PR§ va PRY déu c6 AH’,, <0,
AS° >0 d‘O do AG®,,, < 0 véi moi T. Cac gia tri
tuong tmg bang -136,7 va -10,9 kJ/mol. Cac phan trng
nay c6 kha ning xay ra & 298K, trong d6 san phim
PR8 c6 kha ning hinh thanh cao nhat. Két qua nay
hoan toan phii hop véi két qua tinh bé mit thé ning.
Céc phan tng tao thanh san pham PR6, PR5 va PR7
la nhitng phan tng c6 AG‘)Z% >0 voi gjé tri trong tng
1a 39; 48 va 107,3 kJ/mol, v€ nguyén tac cac phan img
nay khong thé tw xay ra & 298K. Tuy nhién, khi xét
chi tiét ca AH’, va AS(’;% cho ba phan tng nay thi
cac phan ung tao san pham PR6, PR7 khong thé xay
ra & bat ki nhiét do nao (do AH?,,, >0 va AS’, <0),
phan ung tao PR5 do c6 AH"

. AQO A
Log V& ASY - duwong nén

c6 thé c6 AG’,, < 0 khi ¢ nhiét do rat cao.
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4. Két luan

Bing 1y thuyét phiém ham mat d6 (DFT) véi
phiém ham B3LYP cung b co's¢ 6-311++g(d,p) phan
g gitra gbc propynylidyne (C H) v6i propanenitril
(C,H,CN) da dugc nghién ctru mot cach chi tiét. Két
qua cu thé co6 thé duoc tém luge nhu sau:

Tat ca cac dudng phan tmg trong 02 so do du
kién da duogc tinh toan chi tiét trén bé mit thé nang. Co
09 san pham c6 thé dugc hinh thanh, hai trong sé d6
laPR4 (HCCCH + CH CHCN) va PR8 (HCCCHNC
+C,H,) c6 kha nang cao nhat. Vé mit co ché, phan
ung tao ra san pham PR4 1a phan ung mot gia doan,
trong khi d6 phan tmg tao san pham PRS 13 phan img
hai giai doan c6 tao thanh san pham trung gian IM2.

Trong nhom cong tach, vé mat nhiét dong hoc
hai dudng phan tmg tao san phim PR6 va PR7 12 hoan
toan khong co kha ning xay ra ¢ bat ki nhiét do nao
vi AG cutia phan ung c6 gia tri duong véi moi gia tri
cia T, con cac phan tng khac déu c6 kha ning xay
ra. Két qua nay kha phu hop véi gia tri nang luong
tuong d6i kha cao cua cac trang thai chuyen tlep trén
bé mit thé ning.

ba so sanh kha nang phan tng tach truc tiép
nguyén tir hydrogen cua goc C,H ¢ dang mach ho va
mach vong cho thiy dang mach vong c6 khad nang phan
g cao hon. Mat khac két qua tinh phan | g tach truc
tiép nguyén tir hydrogen ciing dugc tham chiéu véi phan
tmg cua goc C,H véi C,H,CN cho két qua phu hop.
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