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Tém tat

Co ché phan ung gitra propargyl voi amoniac va metyl da dugc nghién ciru bang phiém ham mét do (DFT)
v6i viéc str dung phiém ham B3LYP va bé co sé& 6-311++G(3df,2p). Két qua tinh toan chi ra rdng hé phan
trng CsHs + NHs c6 2 hwdng chinh: tach nguyén t H va cdng hop, trong khi d6 hé phan teng con lai chi c6
phén (ing coéng hop. Néu hai dudng phan tng céng ctia CsHs + NH3 cé g/a tri nang lwong kha cao thi hai
hwong phan trng cdng cda CsHs + CHs lai khong c6 trang thai chuyén tiép & dau vao. Xét vé mat nhiét déng,
tat caé céc san pham déu c6 thé duoc tao ra & diéu kién khdo sét, trong d6 san pham P2 (HCCCHSs + NH2)
cla hé thir nhét va Ps (C2Hz + C2H4) cla hé thir hai dé tao ra nhat. Ngoai ra, két qua tinh ndng lwong ciing
chi ra rang hé phén (g CsHs + CHs dé xay ra hon so véi hé CsHs + NHs.

T khoa: Co ché phan tng, gbc propargyl, bd co s&, ammonia, gbc metyl.
Abstract

The reaction mechanisms between propargyl radical and ammonia (NH3) or methyl radical (CH3) have been
studied by the Density Functional Theory (DFT) using the B3LYP functional in conjunction with the 6-
311++G(3df,2p) basis set. Our calculations show that the CsHs + NHs reaction has two main entrance
channels: H-abstraction and addition while other has only one type of entrance which is addition. If two
additional reaction pathways of C3Hs + NH3 have relative energies (kcal.mol) are found to be fairly high, the
two additional directions of CsHs + CHs have no transition states at the beginning of entrance. In terms of
thermodynamic side, all of products are possible to be produced at the investigated condition, in which the
product P2 (HCCCHs + NH:) of the first system and Ps (C2H2 + C2H4) of the second reaction are the most
favorable. Besides, the analytical results of energies showed that the C3H3z + CHs reaction takes place more

easily compared to the C3Hs + NH3 system.

Keywords: Reaction mechanism, propargyl radical, basis sets, ammonia, methyl radical.

1. Mé dau

Trong tu nhién, gdc propagyl dugc hinh thanh
trong qué trinh ddt chdy cac nhién liu, dic biét 1 cac
nhién liéu chtra nhiéu chit béo [1-5]. Bing su phan
tich cho thdy, gbc propargyl (C:Hs) va cac
hidrocacbon thom da vong nhu benzen, naphtalen ...
déu xudt hién trong qué trinh ddt chay cac nhién liéu
n6i trén [6]. Tuy gdc C3Hs chi 1a mot san pham trung
gian kém bén nhung lai c¢6 vai tro quan trong, quyét
dinh co ché phan tng va san phim tao thanh trong
céc phan trng hoa hoc [7].

Xét vé mat cdu tao, C3Hs 1a mot géc tr do con
mdt electron ddc than nén c6 kha nang phan ung cao,
n6 c6 thé phan tmg véi nhidu gbc tu do va phan tir
hay nguyén tr khac trong pha khi [8]. Viéc so sanh
kha ning phan ung cta gdc propargyl v6i phan tir
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amoniac va gdc metyl s& gitip chung ta hiéu 3 hon vé
kha nang phan ung cua C3;H; véi cdu tric vo dong
(NH3) va cdu tric vo md (CH3). Vi vdy, trong bai bao
nay chung toi s& dwa ra co ché phan mg cua cé hai hé
C:;H; + NH; va C3Hs + CH; dé thiy o dugc kha ning
phan tng ciia hé nao 1a tét hon.

Amoniac dwoc tim thiy véi luong vét trong
khong khi, trén khip cic hé thong nang lugng mat
troi, trén sao Diém Vuong, sao Hoa, sao Mdc, sao
Tho, sao Thién Vwong va sao Hai Dwong [9-11].
Amoniac con duoc sinh ra trong quéd trinh ddt chay
cac nhién liéu va qué trinh chdy rimg ciing gop phan
vao viéc hinh thanh dang ké luong NH; trong khong
khi [12]. Trude chién tranh thé gidi thir nhat, hdu hét
amoniac thu dugc tir viéc chung cit kho tir thuc vat
giau dam va chat thai dong vat [13]. Ngoai ra, NH;3
con dugc san xuét tir viée chung cAt than d4, va phan
hiy cac mudi amoni bang kiém nhu voi t6i, sut; mudi
thudng duoc st dung 1a amoni clorua [14]:

2NH4Cl, + CaO — CaCl, + Ca(OH), + 2NH; (1)
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Hién nay, trong cong nghiép, NH; dugc tong
hop tir N> va Hp: N» + Hp — NH3 (2). Phan tng duoc
thue hién ¢ diéu kién 450°C, 200 atm, xuc tac 1a Fe.
Xét vé mat ciu tao thi phén tr NH3 con 1 cé@p electron
chua tham gia lién két nén d& dang tham gia vao cic
lién két cho nhan trong céc phan timg héa hoc. [15]

CH; 1a mot gbc hydrocacbon, duoc phat hién
trong moi truong lién sao boi nhom nghién clru cia
Helmut Feuchtgruber [16]. N6 vira 1 chit oxy hoa,
vira 1a chat khir manh va 1a mot chat an mon kim loai:
M + nCH; — M(CH3), (3). N6 c6 thé dugc tao ra
bing viéc phan ly quang hoc cia hoi axeton & bude
song 193 nm [17], C3HO — CO + 2CH;3 (4). No
cling c6 thé duoc tao ra bang viéc dung tia cuc tim
phan tich quang hoc déi véi hgp chat halomethanes,
CH;X — X + CH; (5). Ngoai ra, gbc metyl cling
dugc sinh ra boi phan tng gitta CH4 v6i goc OH, CHy
+ OH — CH; + H,O (6). Xét vé mit cdu tao, goc
metyl con mét electron tu do khu tru trén nguyén tu
cacbon nén dé dang tham gia vao cac phan g hoa
hoc dé tao thanh lién két cong hoa tri. [18]

Nhiing déc thu vé cdu tao va tinh chit cua ca
NH; va CH; cho phép chiing ta ¢é thé so sanh vé kha
nang phan ung cia chung véi C;Hs biang phuong
phap phiém ham mat do. Viéc nghién ciru co ché
phan tng gitta chung bang phwong phap hoa hoc

luong tir s& lam sang to kha nang phan Gng cua C3Hs
véi cac chat khac nhau trong pha khi.

2. Phwong phap tinh

Bang viéc sir dung phuong phap phiém ham mat
d6 o mic B3LYP/6-311++G(3df,2p) [19], ching t6i da
t6i uu cdu trac hinh hoc ciia cac chat phan ng, cac
chit trung gian, trang thai chuyén tiép va cac san phim
cua ca 2 h¢ phan ung CsHs; + NH3 va C3Hs + CHa.
Trong d6 trang thai chuyen tiép dung dwoc xac thuc
bang viéc phan tich tan s6 dao dong, toa do thuc (IRC)
cua phan tmg. Bén canh d6, ning lugng diém don cta
tat ca cac chat & ca 2 hé trén déu duogc tinh & muc rat
cao CCSD(T) / 6-311++G(3df,2p) // B3LYP / 6-311++
G(3df,2p) [20]. Nang lugng twong quan cua mdi cu tir
duoc hiéu chinh ddi véi cac nang lugng dao dong diém
khong. Cac budc khong cé hang rao nang lugng dugc
kiém tra béng thu tuc tinh duong cong thé nang & cling
mic ly thuyét doc theo toa do phan ng tir trang thai
can bang Vv6i budce nhay 0,1 A Céc cau tir im thay
duoc tién hanh phéan tich tan sé dao dong dé tim ra su
phi hop cta cdu tric. Tir cac két qua nhan duoc s& xac
dinh cdu tric, nang lugng, cic thong sé nhiét dong va
thiét lap bé mat thé nang cda 2 hé. B s€ la co s& dé so
sanh va phan tich vé kha ning phan tmg cua hai hé néu
trén.
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3. Két qua va thao luan
3.1. Bé mgt thé ning hé C:H; + NH;

Trén bé mit thé nang cua hé C3H3+NHs, hé chét
tham gia phan ng ban dau ki hiéu 1a RA; céc san
phém tao thanh duge ky hiéu la Px (x = 1+21); cac
cau tric cuc tleu trung gian dugc ky hiéu la Iy (y =
1+21) va céc céu tric trang thai chuyen tlep duoc ky
hiéu 1a Ta/b, vdi a, b 1a cac cuc tiéu, chat phan tng
hodc san pham phan ung; vi du T1/4 1a trang thai
chuyén tiép giita hai chat trung gian la I1 va 14; T0/P2
la trang thai chuyen tiép ndi giita chat phan tng ban
d4u va san phim P, (hinh 1).

Céc dudng phan Ung c6 hang rao nang luong
cao s& dugc luge bo bot, vi sy dong gop cua chung
vao san pham phan tng 1a khong dang ké. Vi vay,
trén hinh 1 1a bé mat thé nang rat gon sau khi da lugc
bo bt cac duong phan tng sinh ra cic san pham Py,
P4, Ps, P7, Pg, Py, P19, P12, P14, P1g, P20 va Pay.

3.2. Phéan tich cdac dwong phdn wng cia hé C:Hs +
NH;

Tir bé mat thé nang (PES) nhan thay, giita gbc
C:3H; va NH; c6 thé xay ra phan Gng theo hudng tich
nguyén tr H cua NH3 hodc theo hudng cong hop hai
chat v6i nhau.

3.2.1. Phan ung theo huong cong hop

C6 hai hudng cong hop giita 2 chét phan tng
v6i nhau. Su tin cong ciia NH; vao gdec CsHs c6 thé
xay ra trén hai nguyén tir cacbon. Khi NH; tin cong
vao nguyén tu cacbon trung tdm cua C3Hs s€ tao ra
san pham trung gian Is (H,C=C(NH3)-CH) thong qua
trang thai chuyén tiép T0/5 (mg v&i hang rao ning
luong 1a 39,6 kcal/mol. Pay 1a qua trinh thu nhiét, voi
nhiét luwong thu vao 1a 37,36 kcal/mol. Céu trac cua
T0/5 cho thidy khoang cach C..N kha xa nhau,
khoang 1,8 A, diéu nay hoan toan ph hop véi cau
tric cua trang thai chuyén tiép. Tir Is, san pham ddng
phan trung gian Iz (H,C=C(NH;)-CH) dugc tao ra
thong qua trang thai chuyén tiép T5/8 bang su dich
chuyén nguyén tor H tir nhom NH; sang nhoém CH;
qué trinh nay chi cdn vuot qua hang rao nang luong
2,7 keal/mol. So v&i Is thi Iy kha bén viing vi ¢6 gia
tri nang lugng twong quan nam dudi chat phan tng 1a
30,46 kcal/mol. Is sau khi dugc hinh thanh, c¢6 thé
tham gia vao hai huéng phan tmg; hudng thir nhit co
su tich nhém NH, thong qua trang thai chuyén tiép
T8/P3 (21,84 kcal/mol) dé tré thanh san phim P3
(H,C=C=CH; + NH;) c6 nang lugng tuong quan la
15,05 keal/mol; hudng thir hai tao ra chat trung gian
I, (H3C-C(NH)=CH,, -31,7 kcal/mol) khi di qua
trang thai chuyén tiép T8/12 véi hang rio nang lugng
la 51,39 kcal/mol. Ttr 12 lai cé hai hudng phan ung
khéc nhau dé hinh thanh cac san pham 1a Py; va Pys.
Trong d6, huéng tao ra san phim P;; (H,CCNH +
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CH) Ia qua trinh tach tryc tiép nhém CH3 ma khong
thong qua trang thai chuyen tiép; hudng con lai trai
qua trang thai chuyén tiép & vi tri 8,52 kcal/mol hinh
thanh nén chat trung gian I3 (H;C-C(N)-CH3). Nhu
vay, dd c¢6 su chuyén dich nguyén ti H tir nhém NH
sang nhom CH, khi hinh thanh I;3. Vi cu tric cua
I3 c¢6 thé thiy rang day 1a chét trung gian bén viing
nhét, diéu nay ciing dugc thé hién & muc nang luong
thdp nhat 1a -35,95 kcal/mol so véi cac chat trung
gian khac. Tir I;3, san phdm Py3 (HsCCN + CHs, -
22.97 keal/mol) dugce hinh thanh théng qua trang thai
chuyén tiép T13/P13 mg v6i muc ning luong -10,22
kcal/mol so véi chit ban dau. bay 1a san pham bén
vitng nhét vi ¢ ning luong thap nhit so vdi tat ca cac
san pham con lai. Tuy san pham Py, c6 ning luong
cao hon san pham Pi3, nhung Py lai 1a san pham tao
ra tryc tiép tir I;» ma khong thong qua trang thai
chuyén tiép ndo, trong khi d6 Py lai phai trai qua
nhiéu trang thai chuyén tiép; do d6 ¢ thé néi Py
chinh 13 san phim canh tranh v&i P3.

Mat khéc, khi NH; tin cong vao nguyén tir
cacbon ddu mach ctia C3H; sé tao ra san pham trung
gian I} (HoC=C=CH-NH3) thong qua hang rao nang
lwong 36,62 kcal/mol tmg véi trang thai chuyén tiép
TO/1. Bay cling 1a qua trinh thu nhiét, vdi nhiét lugng
thu vao la 35,51 kcal/mol. So v&i Is thi I; dé hinh
thanh hon vi chit phan Gmg di qua hang rao ning
lwong thap hon; diéu nay hoan toan hop li vi sy tn
cong cua NH3 vao nguyén tr cacbon trung tdm kho
hon vao nguyén tir cacbon & diu mach cua CsH; do
khong thuan lgi vé mat khong gian. T Ii, hai san
phim ddong phan I; va I, dwoc hinh thanh theo 2
huéng khac nhau. Trong d6, san pham trung gian I
(H3;C-C=CH-NH;) duoc hinh thanh do qué4 trinh
chuyén dich nguyén tir H tir nhém NH; sang nhom
CHa. Qua trinh nay khé thuan lgi vé mat nang lugng
do chi phai trai qua hang rao nang lugng rat thip la
1.57 kcal/mol. So véi cac chét trung gian khac thi I
kém bén hon vi nguyén tir cacbon trung tim cua I3
chua duoc bao hoa hoa tri, con mot electron ddc than
chua tham gia lién két, do d6 kha nang hoat héa cua
I; 1a rét cao, trang thai nay ung voi mirc nang luong
1a -6,46 kcal/mol trén bé mit thé nang. Dé chuyén vé
cac trang thai bén viing hon, I; ¢6 thé di qua trang
thai chuyén tiép T3/P2 (21,63 kcal/mol) tao ra san
pham P, (HCCCH; + NH>) hoic ciing ¢6 thé chuyén
sang trang thai trung gian ddng phan I, khi di qua
T3/4 tng v61 muc nang lugng 34.34 kcal/mol. Ngoai
ra, san phdm trung gian I;s (H;C-CH=CH-NH, -
31.45 kcal/mol) ciing dugc sinh ra tr I3 thong qua
trang thai chuyén tiép T3/16; ddy 1a qua trinh chuyén
dich nguyén t¢ H tr nhom NH» sang nguyén ta C
trung tam; viéc tach nguyén tir H thir 2 cta N la kha
kho khan, d6 chinh la nguyén nhén lam cho nang
lugng cua trang thai chuyén tiép rit cao 37,08
kcal/mol. Tir I16 tiép tuc hinh thanh 3 huéng phéan tng
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khac nhau sinh ra cac san phdm trung gian I;7; (H,C-
CH,-CH=NH), Iis (H3C-CH,-C=NH) va Ii9 (H3C-
CH,-CH=N) tng véi cac hang rao ning lugng can
phai vuot qua 1a 43,86, 52,6 va 45,62 kcal/mol. Gilra
Ii7 va Iig c6 su qhuyén d6i qua lai 1an nhau théng qua
trang thai chuyén tiép T17/18 (21,42 kcal/mol) {ng
v6i su dich chuyén cta nguyén tir H tir vi tri cacbon
dau mach sang vi tri cacbon cudi mach; khi d6 co su
thay doi goc lién két ZNCC tir 123° ¢ 117 1én 137° &
Iis. Bén canh d6, lién két C-C trong cdu tric cua 17
¢6 thé bi dut ra dé hinh thanh san pham Pis (CoHy +
HCNH) khi di qua trang thai chuyén tiép T17/P15
(11,5 kcal/mol); néu xét cho toan bd qua trinh sinh ra
Pis thi ddy 1a qua trinh thu nhiét véi lugng nhiét thu
vao 1a 3,38 kcal/mol. Tir bé mit thé nang co thé thiy
rang san phim Py (H;C-CH,-CN + H) c¢6 thé dugc
tao ra theo 2 hudng khac nhau; hudng thi nhat di ra
tu trang thai trung gian I;s va hudng con lai di ra tr
Lio. Trong d6, huéng thir nhat phai trai qua trang thai
chuyén tiép T18/P19 c6 ning luong cao hon trang
thai chuyén tiép ciia hudng thir hai T19/P19 l1a 1,54
kcal/mol. Nhu vy, xét vé miat ning lugng thi san
phém P19 duoc tao ra tir I19 d& hon tir I1s. Néu xét toan
bd qué trinh tao ra san phan Pjo thi ddy 13 qué trinh
téa nhiét, véi lugng nhiét tdéa ra 1a 11,81 kcal/mol.
Ngoai viéc tao ra san pham Py nhu di néi ¢ trén thi
Iis con tao ra san pham Py; (CoHs + CNH) va Ij9 tao
ra san phdm P15 (CoHs + HCN); néu nhu Py7 duoc tao
ra tryc tiép tir ;s ma khong thong qua trang thai
chuyén tiép thi P16 lai dwoc tao ra tir I;o phai trai qua
trang thai chuyén tiép T19/P16 ¢ nang lugng 1a -6,46
kcal/mol. Bing viéc so sanh c6 thé thiy day 1a 2 san
pham hoan toan co thé canh tranh véi nhau. Trong
d6, san pham Py bén hon san phiam Py7 va sy hinh
thanh ciia ca 2 san phim nay déu la nhitng qué trinh
téa nhiét, voi nang luong tda ra twong Gng la 15,35 va
1,67 kcal/mol.

Ngoai viéc sinh ra I3 nhu da phan tich & trén thi
I; cling sinh ra I, khi di qua trang thdi chuyén tiép
T1/4 ¢6 hang rao nang lugng la 6,48 kcal/mol. Day la
qua trinh chuyén nguyén tir H tir nhém NH; sang
nguyén tir cacbon trung tim cua I; vi tri chuyén tiép
img v6i khoang cach cua nguyén tir H so v6i N va C
tuong ng la 1,19 va 1,67 A; diéu ndy hoan toan phu
hop véi cdu tric ciia trang thai chuyén tiép. So vdi I
thi I4 khoé tao ra hon vi phai vuot qua hang rao nang
lugng cao hon cua Iz khoang 5,0 kcal/mol. Tu I4 ¢
thé sinh ra san phdm P (H,CCHCHNH + H) bang 2
con dudng khac nhau; trong d6 duong thir nhat 1 quéa
trinh tach nguyén ta H tr nhdém NH, v6i nang lugng
tach 1a 12,98 kcal/mol; duong thur hai phai trai qua 2
giai doan khi dén vdi san pham Pe: giai doan thir nhét
¢6 su dich chuyén cua nguyén tir H tir nhém NH,
sang nhom CH lién ké tmg véi trang thai chuyén tiép
T4/9 (19,54 kcal/mol) tao ra san pham trung gian Iy
(H,C=CH-CH»-NH, -11,33 kcal/mol), sau d6 chinh
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nguyén tir H vira dich chuyén lai duoc tach ra khoi Io
& trang thai chuyén tiép T9/P6 (18,71 kcal/mol) dé
tao ra san pham Ps (9,75 kcal/mol). Nhu vay, ¢ thé
thdy duong phan tng tao ra Ps thuan lgi hon ca la
duong di qua trang thai chuyén tiép T4/P6.

Qua phan tich ¢ trén cho thay tir hai duong phan
ung cong dau vao da cho ra rat nhleu san pham khac
nhau. Bé mit thé nang ciing chi ra rang duong phan
g cong dau vao di qua trang thai chuyén tiép T0/1
(36,62 kcal/mol) thuan lgi hon dudng phan ung cong
di qua trang thai chuyén tiép T0/5 (39,62 kcal/mol).
Tuy nhién, ca hai dwdng phan ng cong déu cé ning
luong dau vao rt cao, do d6 nhiing dudng nay co
déng gop khong dang ké cho viée tinh dong hoc cua
toan by phan Gng trong h¢ C;Hs + NHj.

3.2.2. Phan ung theo hwong tdch.

B¢& mit thé nang (hinh 1) chi ra ring c¢6 2 duong
phan ung tach nguyén to H. Trong d6, duong phan
ung tach thir nhét tao ra san phdm P, théng qua duy
nhat mot trang thai chuyén tiép TO/P2 véi hang rao
nang luong 1a 23,94 kcal/mol. Mac du khong tao
thanh mot phic chat trung gian & giai doan dau cta
qua trinh tach nhung khi di qua trang thai chuyén tiép
TO/P2 thi mdt phuc chét trung gian (coml) da duoc
hinh thanh ung véi gia tri nang lugng 12,39 kcal/mol,
ngay sau d6 san phdm P, d3 duoc hinh thanh ma
khong thong qua trang thai chuyén tiép nao. O duong
phan tng nay, cau tric cua TO/P2 cho thdy khi phan
tir NH; tiép can véi gbe C3Hs thi mot trong 3 nguyen
tr H cia NH; bi tach ra & khoang cach 1,374 A dé
dan hinh thanh lién két v6i nguyén tir C & cuéi mach
(nhém CH,) cua gbe propargyl, tmg véi khoang cach
14 1,256 A. Trong trudng hop ndy, d6 dai lién két cua
N...H va C...H dai hon so v6i thuc té lién két N-H va
C-H [21] twong tng 1a 0,355 va 0,166 A.

3.3. Bé mdt thé ning ciia hé C;H; + CH;

Trén bé mit thé nang cua hé¢ CsHz va CHs (Hinh
2), hé chit tham gia gia phan tng ban dau ki hiéu 1a
RA; cic san phdm tao thanh duoc ky hiéu 1a Px (x tir
1 dén 16); c6 12 céu tric cuc tiéu trung gian dugc ky
hi¢u 1a ISy (y tir 1 dén 12) va 33 cdu tric trang thai
chuyen tlep dugc ky hiéu la Tx/y, vdi x, y 1a cac cuc
tiéu, san phdm va phtrc tuong tmg.

Két qua tinh nang luong dao dong diém khong
(ZPE) va nang lugng diém don (HF) gitp ta x4c dinh
dugc cac muc nang luong twong quan cia cic ciu
trac so v6i mic nang luong cia hé chat tham gia
phan @mg ban dau C3;H;+CH; (RA) duge qui wdc
bang 0. Hinh 3 14 bé mat thé nang rat gon sau khi da
lugc bo bot cac dudong phan Gmg c6 mirc nang luong
cao. Vi vy, mot sO trang thai chuyén tlep, trang thai
trung gian va san phdm khong duoc thé hién trén hinh
Ve.
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3.4. Phan tich cdc dwong phdn wng cia hé¢ CsHs +
CH;

Tir két qua khao st & trén, ta nhan thiy gdc CH;
tan cong géc CsHs tai 2 vi tri C; va C; ma khong
théng qua trang thai chuyén tiép nao. Piéu nay hoan
toan phu hop vi ca 2 chat déu con mdt electron doc
than chua tham gia lién két, nén khi gap nhau ching
dé dang két hop v6i nhau va hinh thanh cac hop chat
trung gian IS1 (CH3-CH=C=CH,) va IS2 (CH3-CH,-
CCH) twong tng v6i nguyén ti C tham gia lién két
lai hoa sp? va sp’. Cé hai qua trinh hinh thanh IS1 va
IS2 déu toa nhiét, véi luong nhiét toa ra twong ung la
84,78 va 83,66 kcal/mol. Goc CH; khong tin cong
vao vi tri C ¢6 thé 1a do su 4n ngir vé khong gian va
san pham trung gian néu dugc hinh thanh s& lam cho
Ci khong dugc bao hoa hoa tri.

Tir IS1, ¢6 nhiéu con dudng khac nhau hinh
thanh céc san phim. Trong d6 ¢6 3 san phim P14,
P15 va P16 dugc hinh thanh truc tiép tr IS1 ma
khong trai qua trang thai chuyén tiép niao. San pham
P14 (H3CCCCH; + H), Pis (H,CCHCCH, + H) va Pi¢
(H3CCHCCH + H) thu dugc ung vdi cac qua trinh
tach nguyén t¢ H tu vi tri nhom CH, CHs va CH;
twong mg cua IS1. Vi cing la qua trinh tach nguyén
tir H tir IS1 nén ca 3 san pham néu trén déu c6 cac gia
tri nang lugng x4p xi nhau, twong tng vdi -1,75; 0,67
va 0,95 kcal/mol. Ngoai viéc dugc tao ra truc tiép tir
IS1 nhu trén, san phém P14 con dugc tao ra mdt cach
dan tiép khi IS1 di qua trang thai T1/4 (-22,03
kcal/mol) dé sinh ra 1S4 (CH3;-CCH=CH,). Tir trang
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thai trung gian nay co thé tich nguyén tt H & nhém
CH dé tro thanh san pham Pi4 hodc chuyén vi nguyén
to H tor nhom CH sang nhom CH, qua trang thai
chuyén tiép T4/10 (-9,29 kcal/mol) dé hinh thanh
IS10 (CH3-CC-CHy), r0i sau do tach nguyén to H &
nhom CHj3 sinh ra san phdm P4 Nhu vay, san phim
P14 ¢6 thé duoc hinh thanh theo 3 con dudng khéc
nhau, trong d6 dwong di ra truc tiép tir IS1 sé thuan
lgi hon duong di qua T1/4, va dudng di qua T4/10
kém thuén lgi hon so véi 2 duong con lai.

Ngoai 3 san phim néu trén, 2 san phdm khac 1a
P, va P; ciing dugc sinh ra tir IS1 khi chdt phan (ng
chi phai trdi qua mt hang rao nang lugng tuong Gng
la T1/P1 va T1/P3. Trong d6, T1/P1 tng vdi qua trinh
chuyén vi nguyén tir H tir nhém CH sang nhém CHs,
ddng thoi cat dut lién két giira hai nguyén tir cacbon
ctia 2 nhém trén dé tao ra khi métan (CH,) trong san
phim cua P,. T1/P3 tng véi qua trinh tach 2 nguyén
tir H tir vi tri nhom CH va CH; dé tro thanh phan tir
1,2,3-butatriene va H, trong san phdm cua Ps; qué
trinh nay ciing lam thay d6i goc lién két ZCCC tir
125° trong IS1 thanh 180° trong phan tir san phdm
(H,CCCCHy>). Ca 2 con duong hinh thanh san phim
P, va P; tir chat _phan ung (RA) déu 1a nhing qua
trinh toa nhiét; néu nhu qué trinh tao ra san pham P,
toa ra mot lugng nhiét 1a 12,08 kcal/mol thi khi tao ra
P3 lugng nhiét toa ra 1on hon ¢ Py 1a 36,36 kcal/mol.
Ngoai ra, san pham P; ciing dugc sinh ra tir IS1
nhung phai trai qua 3 giai doan chuyén tiép khac
nhau 1a T1/4, T4/10 va T10/p3. Trong d6, T1/4 ing
v6i qué trinh chuyén vi nguyén tir H tir nhém CH
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sang nguyén tt C doc than vdi khodng cach tuong
tmg 1a 1,476 va 1,196 A. San pham trung gian 1S4
(H;C-CCH=CH;) dugc hinh thanh ngay sau dé tng
v6i mirc nang luong twong quan thdp hon chéat phan
ung 1a 31,35 kcal/mol. T4/10 (-9,29 kcal/mol) 1a trang
thai chuyén tiép gitta 1S4 va IS10 tng v6i qué trinh
chuyén vi ciia nguyén tir H tir nhém CH sang nhém
CH: hinh thanh IS10 (H;CCCCHs) & vi tri -88,5
keal/mol. T10/P3 ¢6 vi tri cao nhét so v&i 2 trang thai
chuyén tiép ndi trén; tuy nhién van & vi tri thap hon
so voi chat phan tung 3,41 kcal/mol; trang thai nay
cho biét hai nguyén tir H dang bi dut ra déu ¢ khoang
céch 1a 1,602 A va tién lai gan nhau ¢ khoang cach
0,945 A. Nhu vay, trong hai con dudng hinh thanh
san phdm P3, mac du phai trai qua 3 trang thai chuyén
tiép nhu trén nhung /duong thir hai khi di qua IS4 va
IS10 thuan loi hon rat nhidu vé mat nang luong so vdi
duong thir nhat chi di qua trang thai chuyén tiép
T1/P3.

Ngoai ra, tir ISI ¢6 thé hinh thanh 2 san phim
trung gian khdc 1a IS6 va IS8 thong qua hai trang thai
chuyén tiép ‘twong ung la T1/6 va T1/8. Néu nhu ¢
T1/6 cho biét ¢6 su dich chuyén cua nguyén tir H tir
vi tri nhém CH; sang nguyén tir C ddc than bén canh
dé tao ra I1S6 (H3C-CHCHCH) thi T1/8 lai cho biét
nguyén t¢ H dugc dich chuyén tor vi tri nhom CHj3
ddu mach vao vi tri nguyén to C ddc than dé tao
thanh phan tir 1,3-butadien (H,C=CH-CH=CH,). Do
su dich chuyén xa hon ma T1/8 ¢6 mic nang lugng
cao hon so véi T1/6 (-18,4 kcal/mol) khoang 3
kcal/mol. Tuy nhién, ciu truc cua 1S6 dugc tao ra
khong can d6i, nhém diém d6i xing 1a Ci, céc
nguyén tr tham gia lién két chua duoc bio hoa hoa
tri; trong khi d6 nhom diém ddi xtmg cua IS8 1 Cap.
Do d6, IS8 (-96,57 kcal/mol) bén hon rat nhiéu so véi
IS6 (-28,59 kcal/mol). Ngoai ra, IS8 ciing Ia trang
théi trung gian bén vimng nhat so véi tat ca cac IS
khac trén bé mit thé nang.

Ngoai ra, gitra IS1 va IS2 ciing c6 mdi quan hé
v6i nhau théng qua trang thai chuyén tiép T1/2 ¢ vi
tri 0,25 kcal/mol bén dudi chat phan Gmg. O vi tri nay,
nguyén tir H cia nhém CH> trong IS1 dang dut ra ¢
khoang cach 1,275 A va dich chuyén sang vi tri nhom
CH & khoang cach 1,399 A va duoc rat ngan xudng
con 1,093 A trong IS2. Khi d6 géc lién két £C1CaCs
dugc bé cong dén vi tri 72,47° dé thuan tién cho viéc
dich chuyén néi trén.

Tir IS6, san pham Ps (CoH, + CoHa) dugc hinh
thanh thong qua trang thai chuyén tiép T6/P6 ting véi
qué trinh dich chuyén nguyén tir H tir nhom CHj sang
nhém CH bén canh, dong thoi cat dut lién két giita 2
nguyén tr cacbon nay hinh thanh ra 2 khi axetilen va
etilen trong san phim ctia Ps. Vi xay ra ca 2 giai doan
(chuyén vi H va cit dat lién két C-C) nén ning luong
can tiéu ton cho qué trinh nay twong déi cao, 15,35
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kcal/mol 14 nang luong twong ddi cia T6/P6. Tuy
nhién, ca 2 khi néi trén déu bén vimng vé mit nhiét
dong nén san pham Ps (-57,18 keal/mol) thu dugc co
nang luong thap nhét trong tat ca cac san phdm sinh
ra cda hé phan ung.

Tir IS8, ¢6 nhiéu dudng phan tmg sinh ra cac
san pham khac nhau. Trong d6, san phim P4 dugc
sinh ra khi IS8 phai trai qua 2 giai doan chuyén tiép 1a
T8/5 va T5/P4. Giai doan thir nhat di qua T8/5 (g
vOi qué trinh dong vong mach cacbon, luc nay toan
mach cacbon dugc bé cong dé 2 nguyén tir C & dau
mach va cudi mach tién lai gﬁn nhau ¢ khoang cach
2,133 A; khoang cach nay dwoc rit ngan xudng con
1,57 A trong cau trac cua IS5, phu hop vdi lién két
don gilra 2 nguyén tir cacbon va lam cho 2 nguyen tu
cacbon nay thay d6i trang thai lai hoa tir sp? trong céu
tric cua IS8 sang sp? trong cdu tric cua IS5. So véi
cu triic ctia IS8 thi cu tric ciia IS5 ¢6 phan kém bén
virg hon do mat tinh chat dbi xing, do vdy niang
luong twong d6i cua nd bi day cao hon so véi IS8
khoang 10 kcal/mol. Giai doan thir hai 1a giai doan
tach dong thoi 2 nguyén t H & 2 nhém CH, canh
nhau tng véi khoang cach tach trong T5/P4 déu la
1,617 A, sau khi dugc tach ra ching két hop v6i nhau
dé tao thanh phan tir Hy, phan con lai tao thanh phan
tr mach vong ddi ximg, cyclo-1,3-butadien, trong san
pham cua P,. Toan b qua trinh tao thanh san pham
P4 tir chit phan ng ban dau da toa ra mot luong nhiét
la 22,38 kcal/mol.

Khoéng phai trai qua nhiéu giai doan chuyén tiép
nhu P4, san phim Ps dugc sinh ra khi IS8 chi di qua
mot giai doan chuyén tiép duy nhéat T8/P5 & vi tri
0,34 kcal/mol. P6 1 qua trinh chuyén vi cia nguyén
td H tir vi tri nhom CH sang nhom CH bén canh,
dong thoi cat dut lién két giira 2 nguyén tir C nay tao
ra san phim bén C,H, va phan con lai CCH, trong Ps.
Tuy san pham Ps d& tao ra hon so v6i san pham P4 do
hang rao nang luong thap hon, nhung Ps lai kém bén
hon P4 do CCH» con mét cé@p electron chua tham gia
lién két, diéu d6 dan dén nang lugng cua Ps cao hon
P4 khoang 7 kcal/mol. Ngoai ra gitra IS8 va IS6 con
c6 moi quan h¢ v6i nhau thong qua trang thai chuyén
tiép T8/6 Gng v6i qua trinh chuyén dich cua mot
nguyén t H tir nhom CH, & ddu mach sang nhém
CH, & cudi mach. Giai doan nay doi hoi mét lugng
ning luong cao hon trang thai chuyén tiép T8/5
khoang 33 kcal/mol.

Tir 1S2, ¢6 nhiéu duong khic nhau sinh ra cic
san phdm P,, Ps, Py va Pyo. Trong d6, san phim P,
(HCCCH + CHa, -14,22 kcal/mol) dugc sinh ra khi
IS2 vuot qua hang rao ning lwong T2/P2 ¢6 chiéu cao
nam trén chat phan tng ban dau 1a 4,68 kcal/mol; day
1a qué trinh chuyén dich nguyén tir H tir nhém CH,
sang nhém CHs, dong thoi cat dat lién két gitra 2
nguyén ttr C ndy va sinh ra khi metan trong san pham
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ciia P,. Nhu vy, c6 thé thiy P, va P, 1a 2 san phim
ddng phan ctia nhau nén c6 tinh canh tranh nhau; tuy
nhién san pham P, d& hinh thanh hon P, do hang rao
nang luong thdp hon. San phim Ps ngoai viéc hinh
thanh tor IS1 nhu da phan tich ¢ trén thi con dugc
hinh thanh tir IS2 théng qua trang thai chuyén tiép
T2/P6 (-6,32 kcal/mol). Pay cing la trang thai
chuyen tiép két ndi tir trang thai trung gian ra san
phim ma c6 mirc nang lugng thap nhat Hon nfra, P¢
cling 1a san pham bén viing nhat vé mat nhiét dong,
do vay duong phan tmg di qua IS2 tao ra san pham Ps
1a duong thuan loi nhat vé mat nang luong so voi tat
ca cac duong con lai ciia bé mat thé nang. San pham
Py cling dugc tao ra tir IS2, khi d6 2 nguyén tu H &
cung vi tri cia nhom CH» dugc tach ra va Kkét hop véi
nhau tao thanh phén tir Hy; qua trinh nay lam thay d6i
géc lién két ZHCH tir 106,14° trong IS2 xudng con
20,36° khi 2 nguyén to H dang dut ra ¢ trang thai
T2/P9 (13,46 kcal/mol), ddng thoi khoang cach giira
2 nguyén tir H da dugc thu hep tir 1,748 A xudng con
0,816 A khi 2 H tién lai gan nhau, diéu nay hoan toan
phil hop véi ciu tric ciia mot trang thai chuyén tiép.
Qua phén tich cho thiy san phidm Py duoc tao ra
thong qua 2 dudong khac nhau, duong thir nhét di qua
IS1, dudng con lai di qua IS2; xét vé mat ning luong
dudng thtr nhéat du di qua nhiéu trang thai khac nhau
nhung lai thuan loi hon dudng thi hai. Cudi ciing san
phdm Py ciing duoc sinh ra tir IS2 khi di qua trang
thai chuyén tiép duy nhat T2/P10 tng véi vi tri 10,72
kcal/mol cua qua trinh tach 2 nguyén t¢ H ¢ nhom
CH; va CH; bén canh, ciu tric cua T2/P10 cho thay 2
nguyén tir nay dang dut ra & cac khoang cach tuong
ung la 1,165 va 2,394 A; va tién lai gén nhau &
khoang cach 1,438 A trudc khi tao ra khi hidro trong
san phdm cua Pio (HCCCHCH, + H,), ddy ciing la
san phém kha bén vé mit nhiét dong va qua trinh tao
ra Py 1a qua trinh toa nhiéu nhiét, voi lugng nhiét
sinh ra khoang 56 kcal/mol. Ngoai nhiing san pham
da phan tich ¢ trén, con c6 mot sd san pham khac nhu
Pi1, P12 va Py3 cling xudt hién trong hé phan ung; tuy
nhién do chit phan tng phai vuot qua céc hang rao
nang lugng kha cao khi hinh thanh ra cac san phim
nay, nén cé thé bo qua khi xem xét cac san pham cua
he.

Nhu véy, v6i hé phan tng gitra gde CsHs va gbe
CH; ta thu duoc 16 san pham. Tir bé mit thé nang ta
nhan thiy, hdu hét cdc qua trinh hinh thanh san pham
déu toa nhiét. Trong do, san phdm Ps c6 nang lugng
tuong quan bé nhat san pham uu tién nhit. Bén canh
d6 cac san phdm cét dut truc tiép lién két thuong c6
nang lugng cao do lién két C-C bén viing.

3.5. So sdanh khd ndng phdn wng ciia C3H; voi NH;
va CH;

Qua viéc phén tich kha nang phan ng cua C;Hj
voi NHz va CHs nhu trén cho thay, kha ndng phan
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tmg ciia CH; v6i C3Hs tot hon kha ning phan tng cua
NH; v6i C3Hs. Piéu nay dwoc thé hién bing nhirng
hang rao nang luong dau vao khi NH; hoic CH; tan
cong vao gbe C3Hs. Cu thé, trén bé mat thé nang ctia
hé C3;H; + NHs, hai hang rao nang luong dau vao
thong qua TO0/1 va T0/5 c6 gia tri ning lwong rat cao,
tuong tng 1a 36,62 va 39,62 kcal/mol. Trong khi do,
bé mat thé niang cua hé CsH; + CHs lai cho biét khi
CH; tan cong vao gbc C;Hs lai khong phai vugt qua
hang rao nang lugng dau vao nio ca, cac chit trung
gian IS1 va IS2 dugc tao ra mdt cach nhanh chong
ngay sau khi hai chat phan tng va cham vao nhau.
Diéu nay hoan toan phu hop vi NH; la mot ciu tric
vo déng, nén phan tng giira nd v&i C3H; rat kho xay
ra; trong khi d6 CHj lai 1a mot cdu tric vo md, con
mot electron ddc than, nén khi 2 géc hidrocacbon tién
lai gan nhau thi dé dang xay ra phan tmg. Mit khac,
néu so sanh cac duong phan Gng ¢ hai bé mit thé
nang v6i nhau thi hau hét cac duong phan ung trén bé
mat thé ning thir hai déu ¢ ning lugng thip hon cac
dudng phan Gng trén bé mit thé ning thi nhét. Cac
qué trinh tao ra céc san phim cua hé C;H; + NH;
phan 16n 14 nhitg qué trinh thu nhiét, trong khi d6
c4c qué trinh tao ra cac san pham cua hé CsH; + CH;
lai 1a nhitng qua trinh toa nhiét. Cac san pham trung
gian cuia hé thir nhit kém bén hon céc san phiam trung
gian cta hé th hai, diéu nay duoc thé hién qua gia tri
nang luong twong ddi trén bé mat thé nang; trong khi
nang lugng cuia cac chét trung gian trong hé thir nhat
dao dong xung quanh ngudng -40 kcal/mol thi nang
luong cua cac chit trung gian trong hé thir hai dao
dong xung quanh gia tri -80 kecal/mol. San pham bén
nhét trong hé dau tién 1a P13 (H;CCN + CH3) tng véi
muc nang lugng -22,97 kcal/mol; trong khi d6 sén
phim bén nhat trong hé thir hai 1a Pg (CoHs + CoHa)
ung véi mic nang lugng -57,18 kcal/mol. S¢ di Pg
bén hon Py; 1a do céc khi trong P déu 1 nhing khi
bén viing vé mat nhiét dong va 1a nhitng san phim
trung hoa dién tich, con P13 con chira gbe tu do CH;
nén kém bén & diéu kién thuong.

4. Két luan

Bing viéc str dung phuwong phap phiém ham mat
d6 (DFT) ching t6i da xay dung dwoc hé théng ciu
tric cac chat phan tng, cic chét trung gian, cac chit ¢
trang thai chuyén tiép va toan bd san pham cia ca 2
hé phan tng CsH; + NH3 va CsH; + CHj. Trén co sé
tinh nang lugng twong dbi cua céc chit so voi chét
phan tng, ching t6i di xay dung dugc hai bé mat thé
nang thé hién cac dudong phan (g lién quan dén 2 hé
trén. Viéc phan tich cac duong phan tmg trén bé mat
thé nang thir nhat cho thdy qua trinh tach nguyén tir H
tir nhém NH; sang géc C3Hs 1a qua trinh thuan loi
nhit vé& miat nang luong, tuy nhién hang rao niang
luong ma chét phan Gmg ban dau phai vugt qua con
khé cao, twong tng 1a 23,94 va 26,14 kcal/mol. Qua
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trinh cong hop NH; vao gbe propargyl c6 nang lugng
dau vao rat cao nén khong thé xay ra ¢ didu kién binh
thuong. D6i voi hé thir hai phan ng xay ra dé dang
hon do déy 1a hai gdc tur do nén viéc két hop véi nhau
khong phai trai qua hang rao nang luong dau vao.
Nhiéu san phdm ciia hé phan (mg nay dugc tao ra dé
dang do cac hang rao nang lugng ma chung phai trai
qua c6 nang lugng rat thap. Trong d6, duong phan
ung tao ra san phém Ps thuan loi nhat vé& mat nang
luwgng. Qua trinh so sanh kha nang phan ung cua hai
hé néi trén cho thdy cac duong phan tng trong hé thir
hai dé dang xay ra hon so vdi cac duong phan ung
ctia h¢ thir nhét. Nhu véy, co thé két luan duoc rang
kha ning phan ng cua gbc propargyl ddi véi chat co
cAu hinh v6 déng khé xay ra hon so véi chit ¢ ciu
hinh vé mo.

Loi cdm on: Tran trong cdm on Trudong Pai hoc Bach
khoa Ha Noi da tai trg cho cong trinh nay thong qua
deé tai c6 ma s6 T2016-PC-154.
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