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Tém tit: Co ché phan tmg cua gbc methyl véi ethylamine duoc nghién ctru bang 1y thuyet phiém
ham mat do bang cach ding céu trac hinh hoc cuia cac chét phan tmg, trang thai chuyén tiép va san
pham d t6i vu & mirc B3LYP/6-311++G(3df,2p). Co bay trang thai chuyén tiép dugc tim thiy cho
c4c dudong phan tng tao ra cac san pham bao gdm CH3CHNH, + CH, (TS1), CH;CH,NH + CH,
(TS2), CH,CH,NH; + CH, (TS3), CH3;CH,;NHCH; + H (TS4), CH3CH, + CH3NH, (TS5), C,Hg +
CH,NH, (TS6) va CsHg + NH, (TS7) véi cac gia tri ning lwong hoat hoa tuong tng lan luot 1a
9.34,9.90, 13.46, 27.70, 39.12, 45.82 va 69.34 kcal/mol. Két qua phan tich thong s6 nhiét dong va
bé mit thé ning cho thdy cic dudng phan tng tach nguyén tir H x4y ra d& dang hon céc duong
phan tng tach nhém NH,, CHj hay thé H trong nhom NH, va thé nhom CHj. Su tach nguyén tir H
tir vi tri nhom methylene ctia phén tir ethylamine 13 hudng wu tién nhat trén bé mét thé nang ciia hé phan

ung nay.

Tir khéa: Methyl, Ethylamine, B3LYP, trang thai chuyén tiép.

1. Pat van dé

Gbce tu do gili vai tro dic biét quan trong
trong cac phan tng hoa hoc. Hau hét cac phan
g trong cac hé nhién liéu, khi quyén trai dat
va cac hanh tinh déu c6 sy tham gia cua gbc tu
do [1, 2]. Géc tu do methyl (CHz) 1a mot trong
nhung phan tir hoat dong dwoc nghién ctru rat
nhiéu trong cac nghién ctru hoéa hoc cua qua
trinh ddt chay va hoa hoc khi quyén. O nhiét d6
cao, cic goc tu do ankyl thuong bi phan hay
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manh nhung gdc CHs lai phan huy rat it [3, 4].
Gan ddy, nhing nghién ctru vé phan Ung cua
gbc methyl véi nhiéu loai phan tir khac nhau
nhu CH30H, C,HsOH, C;H,, C;H, C;Hs,
H,CO, OH...da duoc thuc hién nhung cac
nghién ctru vé phan tng cua gbc methyl véi
ethylamine con it dugc quan tam [5-10].

Céc nghién ctru da chi ra rang, cac amine
béo nhu methylamine (CH3NH,),
dimethylamine  (CHs;),NH, trimethylamine
[(CH3)3N] va ethylamine C,HsNH, gitr vai tro
quan trong trong su tao thanh HCN, N,O. bay
1a céc khi gy hi¢u ing nha kinh, ciing 12 ngudn
chinh tao ra NOy nén chung nhan duoc sy quan
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tam rat 16n cta cac nha khoa hoc vé moi
truong, khi quyén [11].

Theo tim hiéu ctia chung t6i, cho dén nay sb
cong trinh cong bd nghién ctru vé hé phan tng
ciia géc methyl v6i ethylamine (CH;CH,NH,)
1a rat it. V& thuc nghiém, nim 1966, bang cach
sir dung géc methyl sinh ra tir phan tng quang
phan cua azomethane & nhiét do 110-180°C,
Peter Gray va cong su da thuc hién phan ung
ctia gbc methyl voi ethylamine [12]. Két qua ho
nhan thiy, nguyén tir H c6 thé bi tach tir tat ca
cac vi tri trén phan tir ethylamine dé két hop véi
gbc tu do methyl hinh thanh san phdm CH,.
Theo d6, nguyén td H & vi tri nhom methylene
ctia phan tr ethylamine hoat dong manh nhét
con ¢ nhom methyl 13 kém nhét. Cu thé, tai
150°C, sy tach H tir nhém methylene chiém
67%, tir nhom amine chiém 29%, va tir vi tri
nhdm methyl con lai chi chiém 4% theo ba
phan Ung sau:

C,HsNH; + CH; - CH;CHNH, + CH,  (R1)
C,HsNH; + CH; —» CH;CH,NH + CH,  (R2)
C,HsNH; + CH; —» CH,CH,NH, + CH;  (R3)

Nhirng két qua nay 1 trai nguoc v6i nhimng
két qua nghién ciru trude d6 cua nhidu nhom
nghién ctru khi sy tich H ludn xay ra nhiéu nhat
tai lién két N-H tir nhom amine ctia phan tir
ethylamine va cac hop chét tuong tu [13, 14].

Cac nghién ctru trén thuong duoc thuc hién
trong pham vi nhi¢t 46 dudi 2000C Néu thyc
hién & nhiét d6 cao hon thi su tAn cong cia goc
methyl vao phéan tr ethylamine ngoai xay ra su
tach nguyén tir H ciia ethylamine con c6 thé xay
ra qua trinh nao khac khong? Su tach H xdy ra
dé dang hon & vi tri nhoém methylene hay nhém
amine van can duoc lam sang to thém. Nghién
ctru ly thuyet nay cda chung toi s€ lam sang to
cac van dé trén qua viéc khao sat bé mat thé
ning (PES) va danh gia cac thong sb nhiét dong
hoc ctia hé phan tng nay.

2. Phwong phap tinh toan

Céc tinh toan hoa lugng tur trong nghién ctru
nay duoc thyc hién be‘mg ch}rorng trinh
GAUSSIAN 09 [15]. Ly thuyét phiém ham mat

d6 duoc sir dung cho céc tinh todn nay vi né co
thé xur 1y t6t vé do nhidu spin ddi voi cac cau
tric c6 cac electron doc thén trong hé phan ung
cua gde ‘methyl v6i ethylamine [16, 17]...

t6i uu cdu trac hinh hoc cua cac chét phan u:ng,
trang thai chuyén tiép (TS) va san pham ching
toi da sir dung cac ham lai hoa B3LYP dya trén
ham trao ddi ba thong s cua Becke [18-20] va
ham tuong quan ctua Yang va cong sy [21]. BO
ham co s& cua Pople 6-311++G(3df,2p) dugc
ap dung cho céc tinh toan nay [22]. Két qua tinh
tan s6 dao ddng cung céac gia tri hiéu chinh dai
luong nhiét dong cua cac cau tric cling dugc
tinh tai mrc nay va sau do duogc diéu chinh béi
thira s6 0,9679 [23]. Céc ciu tric trang thai
chuyen tlep (TS) dugc kiém tra tir viéc phan
tich tan sé dao dong phai chira mot tri sé 4o va
thim do toa do ndi phan ung (IRC). Nang
luong diém don ciing dugc tinh tir phwong phap
B3LYP/6-311++G(3df,2p).

3. Két qua va thao luin

Thong s6 hinh hoc ctiia mot sé ciu tric &
bang 1 cho thiy rd rang khong c6 su chénh 1éch
nhiéu giira két qua tinh toan ciia chiing t6i vé do
dai va goc lien két khi so v6i gia tri thuc
nghiém. Piéu nay ching to phuong phap tinh
ma chiing t6i da lya chon la phu hop.

Khi géc methyl tin cong vao phan tir
ethylamine th 1 nguyén tr H tr phan tir
CH3CH,NH, c6 thé tach ra két hop véi gbc
methyl tao thanh methane (CHy). Trén hinh 1,
TS1, TS2 va TS3 lan lugt 1a cau tric hinh hoc
ctia 3 trang thai chuyén tiép cta 3 phan tng R1,
R2 va R3 tuong trng véi cac qua tinh tach H tir
cac vi tri nhém methylen (CH,), nhdm amine
(NHz) va nhém methyl (CHs) trong phan tir
CH3CH,NH,. Hlnh hoc cua cac cau truc trang
thai chuyén tiép nay & hinh 1 cho thdy, vi tri
clia tic nhan phan tng gdc methyl, nguyén tir H
chuan bi tich va nhém X (X lan luot la
CH5;CHNH,, CH;CH,NH, va CH,CH,NH) gin
thang hang, goc lién két CHs-H-X gan dat t6i
180°. Hang rao ning lugng cia TSI la 9,34
kcal/mol, caa TS2 1a 9,90 kcal/mol va cua TS3
la 13,46 kcal/mol (hinh 2).



34 N.H. Tho, N.X. Séng | Tap chi Khoa hoc PHOGHN: Khoa hoc Tu nhién va Cong nghé, Tdp 34, S6 3 (2018) 32-39

Béng 1. Thong s hinh hoc ctia mot s6 ciu tric

Cau triic Thuc nghiém B3LYP/6-311++G(3df,2p)

CH, d(C-H) = 1,079 (A); Z(HCH) = 120,00 (°) [24]  d(C-H) = 1,078 (A); Z(HCH) = 120,00 (°)

CH, ([jz(ggg]_ 1087 (A); £(HCH) = 108,47 () d(C-H) = 1,088 (A); Z(HCH) = 109,47 (*

CH d(C-H) = 1,091 (A); d(C-C) = 1,536 (A) d(C-H) = 1,091 (A); d(C-C) = 1,528 (A)

e Z(HCH) = 108,00 (°); Z(HCC) = 110,91 (°) [24]  Z(HCH) = 107,50 (°); Z(HCC) = 111,38 (°)

d(N-H) = 1,018 (A); d(C-N) = 1,471 (A) d(N-H) = 1,012 (A); d(C-N) = 1,463 (A)

CH;NH,  d(C-H) =1,093 (A); Z(HCH) = 108,4 (°); d(C-H) = 1,097 (A); Z(HCH) = 107,9 (°);
Z(HNC) = 111 (°); Z(HNH) = 105,8 (°); [27] Z(HNC) = 111 (°); Z(HNH) = 106,9 (°)
d(N-H) = 1,052 (A); d(C-H) = 1,107 (A); d(N-H) = 1,014 (A); d(C-H) = 1,092 (A);

C,HsNH,  d(N-C)=1,470 (A); d(C-C) =1,531 (A); d(N-C) = 1,470 (A); d(C-C) = 1,464 (A);

Z(CNH) =111,1 (°); Z(CCN) = 115,0 (°); [28]

Z(CNH), = 110,9 (°); Z(CCN) = 115,9 ();

Sy tin cong cua gbc methyl vao phan tir
ethylamine néu lam nhom NH, duoc tach ra ta
c¢6 phan tng R4 hnh thanh san phdm CH3NH,.
Néu gbc methyl thé vao vi tri nguyén tir H cua
nhom NH, ta c6 phan tng R5. Sy tach ca nhom
CHjs tir ethylamine dé két hop véi géc methyl s&
cho ta san phdm C,Hg trong phan tng R6.
Puong phan tmg R7 ¢6 thé xay ra khi gdc tu do
methyl thé vao vi tri nhém NH,. Nhu vay, co tat
ca 7 duong phan ung c6 thé xay ra dugc fm
thdy thong qua 7 trang thai chuyén tiép ku hiéu
14 TS1+TS7 dé hnh thanh 7 san phim ku hiéu
tu P1+P7.

Toan bd cAu triic hnh hoc cta cac TS duoc
xéc dinh tai B3LYP/6-311++G(3df,2p) thé hién
trén hnh 1. Trong cac cau tric trang thai chuyén
tiép TSI, TS2 va TS3, gbc tu do methyl,
nguyén to H & vi tri taich va nhom X (X thay
cho CH3CHNH,, CHyCH;NH va CH,CH;NH,)
nam & cac vi tri gan nhu thang hang, phu hop
cho qua tinh tac nguyén to H khoéi phan tr
ethylamine. Gia tri d6 16n goc lién két HsC-H-X
tuong Ung lan luwot 1a 177,77% 170,77° va
179,32°. Trong TS4, lién két H;C-N chuén bi
hnh thanh c6 d¢ dai 1,886A ¢n lién két N-C,Hs
chuén bj dut 1a 1,893A. Déi véi TS5 lign két
H,N-H bi kéo dai thanh 1,368A khi sip bi bé
iy do sép hnh thanh lién két méi véi gbe tu do
methyl CH;-N 1,467A. Cau triic cia TS6 chira
lién két sip hnh thanh HsC-CHj c6 do dai 1on
nhét trong tAt ca céc cAu tric 1a 1,984A. O TS7,

nhom NH; cta phan tir ethylamine dugc kéo ra
rat xa, d¢ dai lién két C- NH, 1a 1,917A. Cac
gi tri vé do dai lién két, goc lién két ctia cac TS
déu phii hop v& mat hnh hoc véi qué tinh hnh
thanh nén cic san pham tuong tng.

Bang 2 chi ra cac gia tri nhiét dong cia 7
phan @ng R1+R7. Gia tri cac thong sé nhiét
dong tinh theo phuong phap hoa lugng tir va tr
nhiét hnh thanh tham khdo tir tai lidu [29] 1a rat
gan nhau, sai s6 khong qua 16n, ching to cac
phuong phap ma chung t6i su dung c6 dd tin
ciy cao. O diéu kién chuan, cac phan ung R,
R2, R3, R4, R6 va R7 déu co bién thlen
enthalpy va nang lugng Gibbs 4m nén duogc
nhan dinh 1a thuan lgi vé mit nhiét dong. Trong
d6, phan tmg R1 co bién thién enthalpy (-15,55
kcal/mol) va nang lugng Gibbs (-15,43
kcal/mol) 4m nhit nén d& xay ra nhat vé mat
nhiét dong. Ngugc lai, phan tng R5 c6 enthalpy
va ning luong Gibbs dwong nén sy hnh thanh
truc tiép CHsCH,NHCHS 14 rat kho xay ra.

Trong phan tmg R6, nhom CHj trong phén
tr ethylamine dugc tach ra két hop voi goc tu
do methyl dé hnh thanh san pham C,Hg. Cac
duong phan tng R4-R7 khong dugc ghi nhan
trong thuc nghiém ¢ nhiét do dudi 200°C cua
Peter Gray va cong su [12]. Cdc gia tri nhiét
dong bién thién enthalpy va nang lugng Gibbs
ctia R6 déu 4m khé sau tai didu kién chuin nén
thuan loi cho phan Ung ty xay ra.
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Béng 2. Bién thién enthalpi, entropy va ning lugng Gibbs va ctia cic phan g

Phan tng Ky AEIOZ%JSK (kcalimob , AG
hi€u  Patinh  Tham khao [29]  (kcal/mol)
C,HsNH, + CH; — CHyCHNH, + CH, Rl  -1555 -15,43
C,HsNH, + CH3 — CH3CH,NH + CH, R2  -641 -5,53 -6,22
C,HsNH, + CH3 — CH,CH,NH, + CH, R3  -436 -4,26
C,HsNH, + CH3 — CH3CH, + CH3;NH, R4  -1,10 0,01 -3,25
C,HsNH, + CH; — CH3CH,NHCH; + H RS 23,66 26,96
C,HsNH, + CH; — C,Hg + CH,NH, R6  -10,14 -8,09 -11,47
C,HsNH, + CH;3 — C3Hg + NH, R7 -331 412 -3.88

Bé mit thé nang (PES) cia 7 duong phan
mg thé hién trén hinh 2. Ning luong tuong
quan cua cac TS ting dan tir TS1+TS7, diéu
nay c6 nghia 1a vé mat dong hoc cac phan tng
¢6 xu huéng kém dan tir R1+R7. Phan tng R1
¢6 hang rao niang luong thip nhat, TS1 (9,34
kcal/mol), dong thoi lai ¢6 bién thién enthalpi
va niang luong Gibbs 4m nhat nhu da phan tich
& trén nén R1 s& chiém wu thé nhit. Didu nay
phi hop véi két qua trong ham lwong san pham
tach H trong cong tinh thuc nghiém cia Peter
Gray. Theo d6, CH, thu dugc tir phan ung R1, Gng
voéi su tach nguyén tor H tir vi tri nhom CH; cua

TS1

phéan tir ethylamine chiém dén 67% [12]. Tiép
theo phan tmg R2 ¢6 bién thién enthalpi va ning
luong Gibbs 4m hon so vé6i ctia R3 dong thoi co
hang rao ning lugng thap hon R3. Cu thé, hang
rao nang luong hoat hoa cia TS3 la 13,46
kcal/mol nhung ctia TS2 chi 1a 9,90 kcal/mol.
Ca hai yéu td nhiét dong va dong hoc déu
khang dinh phan tmg R2 da thuén loi hon R3, ¥
vay, ham lugng san phdm tach H tir vi tri nhom
NH, trong ethylamine ma Peter Gray di nhén
dugc 1a 29%, trong khi hudng tach theo R3 tir
nhom CHj; cua ethylamine chi c6 4%.
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TS3 TS6

TS7

Hinh 1. Hinh hoc cac céu trac chuyén tiép t6i uu theo phuong phap B3LYP/6-311++G(3df,2p).
Do dai lién két tinh theo (A), goc lién két tinh theo O).
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Hinh 2. B& mat thé nang PES (kcal. mol ") ctia phan tmg CHj + C,HsNH, tinh tai B3LYP/6-311++G(3d,2p).
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Trong nghién ctru thuc nghiém, & nhiét do
dué6i 200°C, Peter Gray va cong su khong ghi
nhan thiy su hién dién cta cac san pham cua
R4, R5, R6 va R7. Biéu nay phu hop vé6i PES la
hang rao nang luong cua cic phan tng nay qua
lon  TS4 (27,70 kcal/mol), TS5 (39,12
kcal/mol), TS6 (45,82 kcal/mol), TS7 (69,34
kcal/mol). Pang chtl y 1a mic du phan ung R6
rat thuan loi vé mat nhiét dong, bién thién
enthalpy va ning luong Gibbs ctia R6 lan luot
teong tng la -10,14 kcal/mol va -11,47
kcal/mol, nhung vi ¢6 hang rao nang luong 16n,
TS6 (45,82 kcal/mol), nén da khong xay ra.
Chung tdi cho rang, & nhiét do cao hon, rat co
thé sy hién dién cla cac san phém nay s€ duogc
ghi nhan, dac biét 1a phan tng R4 c6 bién thién
enthalpy va ning luong Gibbs déu 4m ddng thoi
hang rao nang lugng ctua TS4 (27,70 kcal/mol)
la khong qua 16n.

4. Két luan

Puong phan tng cua gdc tu do methyl véi
phan tir ethylamine dwoc khao sat day du bang
phuong phap phiém ham mat do6 B3LYP/6-
311++G(3df,2p). Cac trang thai chuyén tiép cho
7 duong phan tng tao cic san pham khac nhau
CH3;CHNH,, CH3CH,NH, CH,CH,;NH,,
CH3CH,NHCHj3, CH3NH,, CH,;NH, va NH, da
duoc xac dinh vdi hang rao nang lugng hoat
héa tuong ung la 9,34; 9,90; 13,46; 27,70;
39,12; 45,82 va 69,34 kcal/mol. Co ché hinh
thanh cac san phdm di dugc giai thich rd rang.
Céc dir liéu da chi ra rang, dudng phan tmg tach
nguyén to H tir ethylamine Ia thuan loi hon
nhiéu so vdi cac dudng phan ung tach ca nhom
nguyén tir 16n NH,, CHa, hay thé H trong NH,,
thé ca nhom NH, cua ethylamine.
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Reaction Pathways of Methyl Radical and Ethylamine

Nguyen Huu Tho, Nguyen Xuan Sang
Saigon University, 273 An Duong Vuong, Ward 3, District 5, Ho Chi Minh City, Vietnam

Abstract: The mechanisms for the reaction of methyl radical with ethylamine were determined by
the density functional theory using the atomic structures of the reactants, transition states and products
optimized at the B3LYP/6-311++G(3df,2p) level of theory. Seven transition states were identified for
the prOdUCtion of CH3CHNH2 + CH4 (TSl), CH3CH2NH + CH4 (TSZ), CHQCHzNHz + CH4 (TS3),
CH3CH,;NHCH; + H (TS4), CH3CH, + CH3NH, (TS5), C,Hg + CH,NH, (TS6) and CsHg + NH, (TS7)
with the corresponding barriers, 9.34, 9.90, 13.46, 27.70, 39.12, 45.82 and 69.34 kcal/mol.
Thermodynamics analysis and potential energy surface show that H-abstraction pathways took place
easier than NH,-, CHs-abstractions, H-substitution of the NH, group and CHs-substitution in
ethylamine. The H-abstraction in methylene group of ethylamine was the most favourable on the PES
of this reaction system.

Keywords: Methyl, Ethylamine, B3LYP, transition states



