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Tom tat

Phan img giita goc propynylidyne (CsH) va propylene (C;Hs) dwege nghién civu bang
phiwrong phdp hoa hoc lvong tir dyra trén Iy thuyét ham mdt d¢ (DFT) sir dung ham B3LYP va
bé co so 6-311++G(d,p). Be mdt thé nang (PES) cua hé phan vmg dwoc xdy dung tir cac gid
tri nang luong cua cdc cdu triic chdt phdn ing, trang thai chuyén tiép, trung gian va san
pham phan umg. C6 12 dwong phan umg khac nhau da dwoc xac dinh, voi cac san pham te
dong phan mach ho, dong phdn vong ciia goc tw do va cdc phdan tir hitu co nho, bao gom cac
san pham nhw (I-CCCH, + HCCHCHj), (I-CCCH, + H,CCCH3), (I-CCCH; + HCCHCH>),
(c-CCCH, + HCCHCHj;), (c-CCCH, + H>CCCH;), (c-CCCH, + H,CCHCH,), (I-
C;HCHCH, + CH3), (I-CHCHCHCH; + H), (c-C;HCHCH, + CH3), (c-C;HCCH>CH; +
H), (c-C;HCHCHCH; + H), (c-C;HCH>CHCH, + H). Cdc théng sé nhiét déng hoc cho tdt
ca cdc dwong phan ing trong h¢ ciing dwoc tinh toan. Nghién citu nay gop phan lam sang t6
du doan kha nang phan ung giita goc propynylidyne voi cdc phan tir hitu co nho, tir do cung
cap thong tin quan trong cho viéc hiéu 16 hon vé co che phan g trong hoa hoc khi quyén
va qud trinh dot chay, déic biét la vai tro cia cdc goc tw do trong cdc moi truong gidu
hydrocarbon.

~Tir khéa: Bé mat thé nang (PES), co ché phan img, goc propynylidyne (C3H), 1y
thuyet phiem ham mdt do (DFT), propylene (CsHs).

Trich din: Tran, Q. T., & Trinh, T. K. N. (2025). Khio sat 1y thuyét phan (mg cua gbc
propynylidyne v6i phan tir propylene trong pha khi. Tap chi Khoa hoc Pai hoc Dong Thap,
14(02S), 34-45. https://doi.org/10.52714/dthu.14.02S.2025.1646

Copyright © 2025 The author(s). This work is licensed under a CC BY-NC 4.0 License.

34


https://doi.org/10.52714/dthu.14.02S.2025.1690
https://doi.org/10.52714/dthu.14.02S.2025.1646

Tap chi Khoa hoc Pai hoc Pong Thép, Tap 14, Sé Déc biét 02S (2025): 34-45

THEORETICAL INVESTIGATION OF THE REACTION OF THE
PROPYNYLIDYNE RADICAL WITH PROPYLENE IN THE GAS PHASE

Tran Quoc Tri'" and Trinh Thi Kim Ngan??

IDeparment of Natural Sciences Teacher Education, School of Education,
Dong Thap University, Cao Lanh 870000, Vietnam

’Post-graduate student, Dong Thap University, Cao Lanh 870000, Vietnam

SChi Lang High School, Chi Lang ward, An Giang province, Vietnam
“Corresponding author, Email: tqtri@dthu.edu.vn
Article history
Received: 07/11/2025; Received in revised form: 13/11/2025; Accepted: 20/11/2025
Abstract

The reaction between the propynylidyne radical (CsH) and propylene (CsHy) was
investigated based on the density functional theory (DFT) with the B3LYP functional and the
6-311++G(d,p) basis set. The potential energy surface (PES) of the system was constructed
from the calculated energies of the reactants, transition states, intermediates, and products.
Twelve possible reaction pathways were identified, leading to various open-chain and cyclic
radical isomers, as well as small organic molecules. These include (I-CCCH, + HCCHCH),
(I-CCCH, + H,CCCHj3), (I-CCCH, + H,CCHCH,), (c-CCCH, + HCCHCH;), (c-CCCH, +
H>CCCH3), (c-CCCH, + HCCHCH,), (I-C;HCHCH, + CH;), (I-CsHCHCHCH; + H), (c-
C;HCHCH, + CH;), (c-C;HCCH,CH; + H), (c-C:HCHCHCH; + H), and (c-
C;HCH,CHCH, + H). Thermodynamic parameters for all reaction channels were also
calculated. This study provides valuable insights into the reactivity of the propynylidyne
radical with small organic molecules. Thereby, it contributes to a deeper understanding of
reaction mechanisms in atmospheric chemistry and combustion processes, particularly the
role of free radicals in hydrocarbon-rich environments.

Keywords: Density Functional Theory (DFT), propylene (C3Hs), propynylidyne
radical (C;H), potential Energy Surface (PES), reaction mechanism.
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1. Gidi thiéu
Propylene (hay propene) 1a mot alkene mach thing, ¢ cong thirc phan tir CsHs va
chura lién két do1 C=C dac trung.
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Hinh 1. Céu triic hinh hoc 2D va 3D cia phan tir propylene

O diéu kién chuén, propylene ton tai dudi dang khi khéng mau, dé chay, nhiét do soi
khoang —47,6 °C va khdi luong riéng 1,81kg/m® (Zhang & cs., 2020). Trong phan tir
propylene c6 mét lién két doi C=C, nho lién két doi, propylene c6 do phan tmg cao va la
nguyén lidu quan trong trong cong nghiép hoa dau, ddc biét trong san xuat polypropylene va
cac hoa chit trung gian nhu isopropanol, acrylonitrile va propylene oxide (Matar & Hatch,
2001).

Mic du chu yéu duoc san xuat cong nghiép, propylene ciing hién dién trong tu nhién
v6i ndng do rat thap, hinh thanh tir qua trinh chay khong hoan toan cta nhién liéu hoa thach,
sinh khoi hodc trong khi thai nui Itra (Yadav & Kumbhar, 2017; Simpson & cs., 2010). Pac
biét, propylene dugc phat hién trong khi quyén Titan, vé tinh cua sao Thd, theo dit liéu tir tau
Cassini, cho thay hop chit nay c6 thé hinh thanh trong diéu kién lanh, thiéu oxygen va giau
hydrocarbon (Nixon & cs., 2013).

Géc propynylidyne c6 hai dong phan ciu tric chinh, gom dang mach ho (1-C;H) va
dang mach vong (c-C3H), dugc phét hién lan lugt trong phong thi nghiém va khong gian vao
nam 1985 va 1987 (Thaddeus & cs., 1985; Irvine & cs., 1985; Yamamoto & cs., 1987). Cac
quan sat thién vin sau do tiép tuc xac nhan sy ton tai phd bién cua hai dang trong méi truong
lién sao (Turner & cs., 2000; Fossé & cs., 2001; Pety & cs., 2012; McGuire & cs., 2013; List
& cs., 2014). Trong d6, c-C;H dugc danh gia 1a bén hon vé mit nhiét dong, véi ning lugng
cao hon 1-C;H khoang 4,6 kJ/mol (Loison & cs., 2017; (Tran & T6, 2024). Ngoai mdi trudng
khong gian, gdc C;H con co thé dugc hinh thanh trong cac diéu kién giau hydrocarbon nhu
dét chay, plasma va cracking nhiét, cht yéu tir sy phan ly ctia CsH, va CsH; (Yamamoto &
cs., 1987; Loison & cs., 2017).
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Hinh 2. Péng phian mach hé /-C;H va mach vong ¢-C;H
Khé nidng phan tmg cao cuia C3H dugc dy doén do su c6 mit cua electron doc than trén
nguyén tur carbon, cho phép tham gia vao nhiéu phan tng vdi cac phan tir hitu co nho. Mot
s nghién ctru da khao sat phan tmg cua C;H véi cac phan tir nhu HO (Dong & cs., 2005),

0: (Zhu & cs., 2013), NO (Xie & cs., 2006), CH;COOH (Tran & Pham, 2024), va C2H5CN
(Tran & T0, 2024), gop phan 1am rd hon phan Gng ctia goc tu do nay.
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Khao sat phan tng gitra C3H va propylene gép phin mé rong di liéu phan umg gbe tur
do voéi olefin, dong thoi gitip hiéu 16 hon cac qua trinh trong khi quyén, d6t chay va cong
nghiép sach.

2. Phuong phap tinh

Toan bd cau trac hinh hoc cua chat phan tng, trung gian, trang thai chuyén tiép va san
pham dugc tinh bing 1y thuyét phiém ham mat d (DFT) voi phiém ham lai ghép B3LYP, bo
ham 6-311++G(d,p), trang thai chuyén tiép dung duoc xac nhan bang phén tich tan s6 dao
dong, gi tri nhiéu spin (S?) va toa do phan tmg thyc (IRC). Bé& mit thé ning cho tat ca cac
duong phan tng du k1en cua hé dugc thiét 1ap dua trén két (qua tinh nang luong cua cac ticu
phan trong cac budc tdi wu hoa ciu trac hinh hoc va tinh tan sb dao dong, phan tich bé mat
thé ning cho phép so sanh mirc d6 uu tién ciia cac duong phan tmg trong hé nghién ciru. Cac
thong sd nhiét dong hoc ciing duoc tinh chi tiét cho tat ca cac duong phan Gmg & diéu kién
nhiét d6 298 K va ap suat 1 atm. Két qua tinh bé mat thé ning va thong sd nhiét dong hoc
g6p phan 1am 1 co ché phan tng gitra goc propynylidyne va propylene trong pha khi, ddng
thoi mo rong thém hiéu biét vé phan tmg gbc tu do.

3. Két qua va thio luin
3.1. Du kién so' @ phan tng va ciu tric hinh hoc

Céc phan tmg cua gbc I-CsH + C3Hg va ¢-C3H + C3Hs duoc khao sat, chi tiét ¢ Hinh 3
va Hinh 4.

I-C3H + C3H;

RA1 Ts1 » PR1
(I-CCCH; + HCCHCH:)
TS2 » PR2
(I-CCCH, + HoCCCHi)
TS3 » PR3
(I-CCCH; + H,CCHCH,)
TS7 —p IMI1I _ ,TS71 _ , PR7
(I-CsHCHCH, + CH3)

TS§ _ , IM2 _ ,TS81 _ , PRS
(I-CsHCHCHCH:; + H)

Hinh 3. So' dd phan tng cia gbc I-C3H va C3H,

RA2 TS4 » PR4
(c-CCCH; + HCCHCH;)
TS5 » PR3
(¢-CCCH, + HyCCCH3)
TS6 » PRG6
(c-CCCH:> + HoCCHCHz)
TS9 __, IMB3 __, TS9%1 __  , PRO
\ (c-CsHCHCH; + CH;3)
TS9/2 » PRI10
(c-C3HCCH,CH; + H)

TS11 —» IM4 ::TSIUI — » PR11

C—C}H + C3Hg

(e-CsHCHCHCH; + H)
TS112 ____ , PRI2
(c-C;HCH,CHCH; + H)

Hinh 4. So' @6 phan @ng ciia gbe ¢-C;H va C;Hg
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3.2. Céu triic hinh hoc ciia trang thai chuyén tiép va san phim trung gian
Céu trac hinh hoc san phim trung gian va trang thai chuyén tiép, Hinh 5 va Hinh 6.
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Hinh 5. Céu tric hinh hoc IM va TS
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Hinh 6. Céu triic hinh hoc IM va TS (tt)
[D6 dai lién két (A), goc lién két (°), ddu chdm thay cho ddu phay chi phan thap phan]

3.3. Két qua va thao luin

3.3.1. Phan tng tich truc tiép nguyén tir hydrogen

Phan tng tach truc tiép nguyén tir hydrogen tao nén san phdm c6 so do sau:

[-CsH + H,CCHCH;
[-CsH + H,CCHCH;
[-CsH + H,CCHCH;
¢-C3H + H,CCHCH;
c-C3H + H,CCHCH;

C-C3H + H,CCHCHj3;

TS1

lz 1z |

l"i
95}
NS

~
9]
42

12 |

[-CCCH, + HCCHCH; (1)
I-CCCH, + H,CCCHjs (2)
I-CCCH, + H,CCHCH, (3)
c-CCCH, + HCCHCH;  (4)
¢-CCCH, + H,CCCHs ()
¢-CCCH, + H,CCHCH,  (6)

Trong ba duong phan ng tich nguyén tir hydrogen cuia hé I-C;H + C3Hs, dudng phan
g qua trang thai chuyén tiép TS3 (tach nguyén tir hydrogen tir nhém methyl) c6 hang rao
ning lwong thip nhat, chi 49,7 kJ/mol, cho thiy ddy 1a con dudng thuén loi nhat vé mit dong
hoc. Ngugc lai, phan Umg tach nguyén tir hydrogen tur vi tri allylic (TS1) c6 hang rao nang
lugng cao nhat (91,1 kJ/mol), nén day 1a con dudng kém uu tién nhat. Duong phan tng qua
TS2 (tach nguyén tu hydrogen tur vi tri vinyl) c6 hang rdao nang lugng trung binh,
73,1 kJ/mol, cho thiy kha ning xay ra thip hon so véi TS3 nhung van cao hon TS1. Ngoai
ra, cic gia tri nhidu spin S? dao dong khoang tir 0,76 dén 0,79 cho thiy ca ba trang théi
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chuyén tiép deu giit duoc gia tri nhiéu spin & murc hop 1y, khong anh hudng dang ké dén do
tin cdy cta cdu tric trang thai chuyen tiép duogc toi wu hoa. Két qua so sanh trén bé mat thé
ning cho thay phan ung tach truc tiép nguyén tir hydrogen cua hé I-CsH + C3He tai vi tri
methyl 12 con duong wu thé nhat, trong khi phan tmg tai vi tri allylic khé khan hon. Két qua
nay phu hop v6i quy luat vé kha ning tham gia phan ung tach nguyén tir hydrogen trong
phan tr alkene do do on dinh cua céc géc moi tao thanh.

E (kJ/mol)
A
100+
TSI1: 91,1
80— .
/. TS2: 73,1 - —PRI1: 774
60— S TS4:56.6 . PR2: 588
© 0 TS3:49.7
a0l LTSS 46,0 . )
| TS6: 27,9 - —— PR4: 32,5
20—
“.—_PR5: 13,9
0
20—+ N PR3: -20,4
40—
60— . )
—RAI1 1 -C3H + Hy,C=CH-CH;, ‘— PR6: -65,3
—+ ——RA2 Ia ¢-C3H + H,C=CH-CH;
-80—

Hinh 7. B& mit thé ning ciia 6 dwong phan vng tich hydrogen

Trong ba dudng phan ung tach nguyén tir hydrogen dugc khdo sat cua h¢ c- -C;H +
CsHe, phan tmg qua trang thai chuyén tiép TS6 (tach hydrogen tir nhom methyl) c6 hang rao
ning luong thap nhit, 27,9 kJ/mol, cho thiy day 1a con dudng thuin loi nhat v& mit dong
hoc. Phan tmg qua TS5 (tach hydrogen tur vi tri vinyl) c6 hang rao néng luong 46,0 kJ/mol,
cao hon dang ké so v6i TS6, cho thay mirc d¢ wu tién thap hon. Trong khi d6, phan ting qua
TS4 (tach hydrogen tir vi tri allylic) c6 hang rao ning lwong cao nhat, 56,6 kJ/mol, cho thiy
day 1 con duong kém thuan loi nhét trong ba duong phan mg khao sat. Ca ba trang théi
chuyén tiép déu co gia tri nhidu spin S> = 0,76, cho thiy ca ba trang thai chuyén tiép déu c6
dugc d6 nhiéu spin & muc hop 1y gin v6i mire chuén (0,75), két qua tinh toan dang tin ciy.
Tom lai, so vdi céc vi tri allylic va vinyl, phan ung tach nguyén tir hydrogen tai vi tri methyl
(TS6) 14 wu thé nhét trong hé c-C;H + C3Hs, két qua nay ciing pht hop véi xu hudng da khao
sat & dong phan [-C;H.

So sanh cac phan tng tach truc tiép nguyén tir hydrogen gitra hai ddng phan ciu tric /-
CsH va ¢-C3H véi C3Hg cho thay ca hai co thé tach hydrogen tai ba vi tri: methyl, vinyl va
allylic, nhung mirc d6 thuan loi dong hoc khac nhau. Trong cic dudng phan mg tir PR1 dén
PR6, th ty vu tién phan tmg theo hang rao ning luong giam dan 1a: PR6 > PR3 > PR5 >
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PR4 > PR2 > PRI, trong d6 phan tng cua dong phan dang mach vong c-C;H tao ra san
pham c6 uu thé hon so véi dong phan mach ho.
3.3.2. Phan img céng — tach nhiéu giai doan

) TS7 TS7/1 )
[-C3H + H,CCHCHj3 —> [-CGGHCHCH,CH; —— [-C;HCHCH; + CH3

. TS8 TS8/1 .
[-C3H + H,CCHCHj3 —> [-CGGHCH,CHCH; —— [-C;HCHCHCH;+H

. TS9 TS9/1 .
c-C3H + H,CCHCH; —> ¢-C;HCHCH,CH3 —/> c-C;HCHCH; + CH;
. TS9 TS9/2 .
c-C3H + H,CCHCH; — ¢-CHCHCH,CH; —— ¢-C3HCCH,CH; +H

(10)

. TS11 TS11/1 )
c-C3H + H,CCHCH3 — ¢-C;HCH>CHCH3; —— ¢-C:GHCHCHCH3; + H  (11)

) TS11 TS11/2 )
¢-CsH + H,CCHCH3 — ¢-C3HCH,CHCH3 —— ¢-CsHCH>CHCH, + H (12)

Néu nhu céc phan tmg tach truc tiép nguyén tir hydrogen gitra gbc C3H va C3Hg dién

ra qua mot giai doan duy nhat, thi cac phan tng theo co ché cong — tach thuong phirc tap

hon, bao gdm hai giai doan lién tiép: gbc tir do C:H cong vao lién két w ctia phan tir C3Hs tao

thanh trung gian phan tmg, sau do trung gian ndy tiép tuc phan tach dé tao thanh san phdm

cubi cung. Cac phan ung cong — tach duoc khao sat bao gdm cac san pham PR7 dén PR12 da
duoc du kién, tinh toan va phan tich theo trinh bay & Hinh 3.1a va Hinh 3.1b.

Céc phan tng giita dong phan mach hd [-C;H va CsHs theo co ché cong — tach dan
dén san phém PR7 va PR8 déu gom hai budc. Trong duong phan tmg tao PR7 (I-C;HCHCH,
+ CH3), I-C3H cong vao nguyén tur C? cua CsHe, tao thanh trung gian phan (mg IM1 thong
qua trang thai chuyén tiép TS7 voi d6 dai lién két C-C dang hinh thanh 1a 2,303 A, gia tri
nhiéu spin S? = 0,77 va hang rao ning lugng twong dbi thap 19,1 kJ/mol. Sau do, IMI tiép
tuc phén tach lién két C—C dé tach nhém —CHj di qua trang thai chuyén tiép TS7/1, v6i hang
rao ning luong 37,0 kJ/mol. Ngugc lai, dudng phan tng tao PR8 (/-CHCHCHCH; + H), /-
C3H cong vao nguyén tir C! (vi tri allylic) cua C;Hs, tao trung gian phan tng IM2 qua TS3
v6i do dai lién két dang hinh thanh 1a 2,300 A, gia tri nhiéu spin S? = 0,77, hang rio ning
luong chi 15,3 kJ/mol. Tuy nhién, budc phan tdch nguyén tir hydrogen (TS8/1) doi héi hang
rao nang lugng cao hon dang ké, véi gia tri 57,9 kJ/mol. Mic dii qua trinh hinh thanh PR c6
giai doan khoi dau thuan loi hon, nhung xét tong thé co ché phan tng, con dudng dan dén
PR7 van dugc danh gia 1a uu thé hon vé mit dong hoc.

Céc phan tung cua ddng phan mach vong c-C3H va C3Hs theo co ché cong — tach ciing
da dugc khao sat, tuong ing véi cac san pham PR9 dén PR12. Hai dudng phan tmg tao PR9
va PR10, bat dau bang su tan cong cua goc c-C;H vao nguyen tu C? cua phan tu CsHg, hinh
thanh trung gian phan mg IM3 théng qua trang thai chuyén tiép TS9 véi do6 dai lién két C—C
dang hinh thanh 13 2,290 A, gia tri nhidu spin S* = 0,77 va hang rao ning luong la
28,8 kJ/mol. Sau d6, IM3 c6 thé phan tach theo hai huéng khac nhau: tao PRY théng qua
tach nhém —CH; (TS9/1) véi lién két C—C dang dut dan 1a 2,316 A, gia tri nhidu spin S? =
0,79 va hang rao nang luong rat thép, chi —1,0 kJ/mol; hodc tao PR10 thong qua tach nguyén
tir hydrogen tai vi tri vinyl (TS9/2), vdi lién két C—H dai 1,962 A va hang rio ning lugng 1a
36,0 kJ/mol. Trong hai duong phan tmg tao PR11 va PR12, gbc ¢-C3H cong vao nguyén tir
C! (vi tri allylic), hinh thanh trung gian phan tng IM4 qua TS11, lién két méi dang hinh
thanh c6 do dai 2,346 A, gia tri nhiéu spin S> = 0,77 va hang rao nang luong 1a 9,2 kJ/mol.
Sau d6, IM4 c6 thé bi phén tach theo hai hudng khac nhau: tao PR11 thong qua tach nguyén
tr hydrogen tai vi tri allylic (TS11/1), v6i do dai lién két C—H dang dut dan 1a 2,016 A va
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hang rao nang lugng la 18,5 kJ/mol; hodc tao PR12 thong qua tach nguyén tir hydrogen tir vi
tri methyl (TS11/2), vé6i lién két C-H bi dut 1a 2,257 A va hang rao ning luong 1a
42,2 kJ/mol.

Trong sd cac san pham dugc hinh thanh tir phan mg cong — tach gitra dong phén [-
C;H va dong phan c- C3H v6i C3Hs, san pham PR 14 san pham uu tién vé mat dong hoc nho
loi thé ning lugng thap hon cac phan ting con lai & ca hai giai doan. PR11 ciing la san pham
thuan loi nho su 6n dinh cia trung gian va vi tri allylic d& tach nguyén tir hydrogen, nhung
tong nang luong van cao hon so v4i PR.

Nhu vay, dua trén phéan tich bé mit thé nang va dac diém cua cac trang thai chuyén
tiép, muc d6 uu tién dong hoc cua cac con dudng phan ung duoc sép xép theo thur tu gidm
dan nhu sau: PR9 > PR11 > PR7 > PR10 > PR12 > PRS.

E (k.‘Jk/mol)
60— TS8/1: 57,9
1 TSll/2 42,2 —~—PR8:455
40—+ [ TSTZ370- __pRy2: 38.6
i TS9: 28,8 15972; 3¢ 36‘0
20— ,-T"S7: 19,1TS11: 19,2
presen . “—PRI10: 17,2
~TSS: 15,3 Tl
hl ’ “—PR11: 7,60
— 6 . "—PR7: 4,30
O RATI 0,0
=T \
£ “'.-‘
e —PR9: -35,2
40| S fid
A L IMIT: 49,3
60— X i
- L1 IM2: -67,
80—+ :
-100—- IM3 -96(§
4 RAIIa -CyH + HyC=CH-CH; |
- INATTT2.0
-120- —RA21a c-C3H + H,C=CH-CH;

Hinh 3.4. Bé mit thé ning ciia 6 dwdng phan vng cong — tach

Mit khac, bé mit thé ning cia duong phan ung cong — tach trong hé ciing cho thiy
giai doan cong rat ddng duoc quan tAm boi: Thir nhat, cac trang thai chuyén tiép déu co ning
lwong thap tir 15,3 kJ/mol (TS8) dén 28,8 kJ/mol (TS9). Thir hai, cac san pham cua giai doan
nay déu c6 niang luong thip tir —112,0 kJ/mol (IM4) dén —49,3 kJ/mol (IM1). Két qua nay
hoan toan phu hop véi tinh chat dic trung ciia loai hop chét alkene. Tir két qué trén dyu doan
trong hon hop san pham phan tng cta hé nghién ciru ¢ thé quan sat thiy ca cac san pham
cua phan ung cong (IM).
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3.3.3. Nhiét dong hoc cua sw hinh thanh san phcfm

Tir Bang 1, s0 ligu nhiét dong hoc thé hién cac gia trj bién thién enthalpy (AH®), bién
thién entropy (AS®) va nang luong tu do Gibbs (AG®) ¢ 298 K cho cac san pham PR1 dén
PR12, tir @6 cho thay tinh kha thi va vu thé twong doi cta ting phan ung.

Trude hét, xét vé AH® (enthalpy), cac phan mg tao ra san pham PR3 (-22,0 kJ/mol),
PR6 (—70,7 kJ/mol) va PR9 (37,0 kJ/mol) déu la téa nhiét, nghia 12 phan tng nay giai
phong nang luong, thuan lgi vé mat nhiét dong hoc. Trong khi do, cac san phém PR1, PR2,
PR4, PRS5, PR7, PR8, PR10, PR11 va PR12 c6 gia tri AH® duong, biéu thi phéan Ung thu

nhiét, kém thuan lgi hon.

Bang 1. Gid tri cac thong s6 nhi¢t dong hoc ciia cic dwong phan vng

AH%55 (kJ/mol)

AS99g (J.mol'.K)

AGY4g (kJ/mol)

PRI 76,8 8,0 74,5
PR2 58,6 10,3 55,7
PR3 22,0 1,5 224
PR4 28,1 1,0 27.8
PR5 9,9 3,2 9,0
PR6 ~70,7 5.6 69,1
PR7 5,0 22 4.4
PRS 46,2 593 63,0
PRY 37,0 0,5 36,8
PR10 15,1 62,6 32,8
PRI11 55 65,5 24,0
PRI12 36,4 58,9 53,1

V& AS® (entropy), mot s6 san pham nhu PR8, PR10, PR11 va PR12 c6 AS° mang gia
tri am kha 16n, cho thay su giam do hon loan trong hé khi phan Ung xay ra, diéu nay co thé
do su tao thanh cac cdu triic phirc tap hodc rang budc trong san pham.

Céc san phdm PR6 (-69,1 kJ/mol), PR9 (—36,8 kJ/mol) va PR3 (-22.4 kJ/mol) c6 AG®
mang gia tri 4m 16n, thé hién phan ung thuan loi, dé xdy ra. Nguoc lai, PR1 (74,5 kJ/mol),
PR8 (63,0 kJ/mol), PR12 (53,1 kJ/mol) va PR2 (55,7 kJ/mol) c6 AG® mang gia tri duong kha
cao, cho thiy phan mg khé xay ra theo cach tu phat.

Téng thé, thtr tu wu tién ctia 12 phan tng dugc xép theo chidu giam dan muc do thuan
loi nhiét dong hoc nhu sau: PR6 > PR9 > PR3 > PR7 > PR5 > PR11 > PR4 > PR10 > PR12
> PR2 > PR8 > PRI. K&t qua nay cho thay cac phan tng tach hydrogen tai vi tri methyl (dac
biét voi goc mach vong ¢-CsH) thuong cho san pham 6n dinh hon, phu hgop véi xu hudng
quan sat trong phan tich déng hoc trude do.

4. Két luan

Bing ly thuyét phiém ham mét do (DFT) véi phiém ham B3LYP két hop bo co s6 6-
311++G(d,p), phan ung gitta goc propynylidyne (/-CsH va ¢-CsH) va phan tir CsHe duoc
ngl}ién clru mot cach chi tiét nham lam rd dac ,diém dong hoc va nhiét dong hoc cua cac co
ché tach truc tiep nguyén tir hydrogen va co ché cong — tach.

Két qua phan tich dong hoc cho thdy cac phan ng tach truc tiép nguyén tir hydrogen
tai vi tri methyl, dac bi,ét tur goc c-C3H tao san pham PR6 la con duong thuan lgi nhat véi
hang rao nang luong thap nhat (27,9 kJ/mol).
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Su két hop gitra phén tich dong hoc va nhiét dong hoc khing dinh rang phan tng tai vi
tri methyl, nhat 1a v&i gbe vong c-C3H, 13 co ché uu thé nhét trong tat ca cac duong phan mg
duoc khao sat.

Két qua nay khong chi 1am rd sy khac biét gitra hai dang gbe tw do I-C3H va ¢-C3H,
ma con nhin manh vai trd ctia cau trac phén tir va vi tri phan Gng trong viéc chi phéi tinh
chat va kha ning xay ra cta cac phan tmg gbc tu do véi olefin.
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