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Tém tit

Co ché phan g ciia goc propynylidyne (C sH) va phosphine (PHs) da dwoc nghién
citu bang Iy thuyet phiém ham mdt dé (DFT) véi phlem ham B3LYP sir dyng b ham co so 6-

311++G(dp). Bé mat the nang (PES) cua hé CsH + PH; da dwoc thiét Idp. Cac thong 56
nhiét dong hoc, hang $6 toc do cia cdc dwong phan ng da dwoc tinh todn chi tiét. Két qua
tinh todn cho biét san pham ciia phan iing nay cé thé la (I-CCCH, + PH,), (I-H:PCCCH,),
(I-HCCCHPH,), (c-C;H> + PH,), (c-H:PC3H,). Tuy nhién, sw tao thanh (I-PH,CCCH,) la
thudn loi nhat. Bén canh @6, két quda tinh todn ciing cho thdy suw tao thanh sin pham (I-
CCCH,) va (c-C3H>) tir hé C;H + PH; dé dang hon sw tao thanh cdc san phdam ndy tiv hé
C:;H + NH;. Nghién ciru nay la mét déng gop cho suw hiéu biét thém vé khd ndang phdn vmg
ciia goc propynylidyne véi cac phan tir nho trong khi quyén va héa hoc dot chay.

Tir khéa: Co ché phan img, goc propynylidyne, 1y thuyét phiém ham mdt dé (DFT),
phosphine.
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Abstract

The reaction mechanism of propynylidyne radical (C;H) and phosphine (PH3) was
studied by using density functional theory with B3LYP functional using 6-311++G(d,p) basic
set. The potential energy surface (PES) for the C;H and PH; system was established. The
thermodynamic parameters and the reaction rate constants were calculated in detail.
Calculated results indicate that products of this reaction can be (I-CCCH;+ PH,), (I-
H>PCCCH,), (I-HCCCHPH,), (c-CsH, + PH,), (c-H.PC3H;). However, the formation of (I-
PH;CCCH,) is the most favorable. In addition, the results also indicate that the formation of
(I-CCCH>) and (c-C3H,) from C;H and PH; system is easier than that from Cs;H and NH;
system. This study contributes to understanding the reaction mechanisms of the
propywylidyne radical with many small radicals and molecules in the atmosphere and
combustion chemistry.

Keywords: phosphine, propynylidyne radical, potential energy surface (PES),
reaction mechanism.
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1. Gidi thiéu
Phospl}ine 1a hop chét vo co dién hinh cta nhom pnictogen trihydride (AH3), \(éri Ala
cac nguyén t6 thuoc nhom VA (Greenwood & Earnshaw, 1997). Phan tir phosphine gom mot

nguyén tir phosphorus (P) lién ket véi ba nguyén tor hydrogen (H) theo cau trac hinh thap
tam giac. Trong d6, nguyén tir P van con electron chua tham gia lién két.

Céu truc tinh thé ctia phosphine duoc xac dinh bang phuong phap nhidu xa tia X va
céc phép do quang phd hong ngoai. Trong PH;, cac lién két P-H hiu nhu hoan toan 13 po(P)
— so(H) va orbital phosphorus 3s dong gop rat it vao lién két PH. Vi 1y do nay, cip don doc
trén P chu yéu dugc hinh thanh béi orbital 3s ctia phosphorus (Heckmann & Fluck, 1972).
Goc lién két HPH giita cic nguyén tir trong phosphine nho hon so véi goc HNH trong
amonia (NH3) do hiéu tng cdp electron ty do trén nguyén tir phosphorus. Cac phan tor PH;
lién két yéu v6i nhau théng qua lyc Van der Walls, do khong c6 kha ning tao lién két
hydrogen manh nhu NH;. Do vy, PH3 it phan cuc va kém bén. N6 dé& dang phan tng voi cac
tac nhan oxy hoa hoic cac tic nhan c6 kha ning phan tmg cao (Tran, 2011). Phosphine duoc
phat hién 1an dau vao dau thé ky XIX trong cac nghién ciru vé khi sinh hoc. Sau d6, nghién
ctru thuc nghiém vé sy suy giam cta phosphine trong diéu kién du O (Hamilton & Murrells,
1985) va co ché phan ung cua PH; v6i N, (CH;3)3CO (Cardedino & cs., 2003; Lee & Choo,
1986) da cung cap thong tin c6 gia tri vé hing sb tdc d6 phan tmg va su tao thanh cac san
pham. Co ché phan tmg ctia PH; voi CFa, H, C.H (Hou & cs., 2005; Yu & cs., 1999; Nguyén
& cs, 2011) cling da duoc nghién cuu béng ly thuyét phiém ham mat doé B3LYP/6-
311++G(3df,2p) va cac cip do tinh cao hon nhu UQCISD/6-311+G** UCCSD(T)/6-
311++G(3df,2p), aug-cc-pVTZ. Két qua cho thdy PH; c6 kha ning phan Gmg cao va da dang.

Propynylidyne (C3H) 1a mot san phadm phan (mg quan trong trong phan tng lién quan
dén su phat trlen ctia chudi carbon trong cdc dam may gitra cac vi sao va cdc 16p vo quanh
sao. C3H cung cép con duong chii yéu cho su hinh thanh C4H* va cac gbe C.H (n>3). Goc
C;H phan tmg véi C* tao thanh C4*, C4* phan g voi Ha tao ra phan 16n CsH*, C4H lai can
thiét cho viéc phat trién chudi carbon bac cao hon (Woon, 1995). Sau nhiing kham pha nay,
cac gbc monohydride chudi carbon 16n hon 1én dén CsH d3 dugc xac dinh trong cac dam
may gidu carbon (Dutrey & cs, 1997). Hai dang dong phan cta C3H da dugc quan sat thay
trong nhiéu moi truong lién sao khac nhau, d6 1a dang mach ho (/- C;H) va mach vong (c-
C;H). Dang /- C;H 1an dau tién dugc tim thay va nghién ctru bang phuong phap quang phd
trong phong thi nghiém vao ndm 1985 (Thaddeus & cs., 1985), va sau d6 dugc xac dinh
trong khong gian cung nim (Irvine & cs., 1985). Tuong tw nhu vay, c¢- C;H dugc phat hién
trong phong thi nghiém va dwoc tim thiy trong khong gian vao nam 1987 (Yamamoto & cs.,
1987). Géc C3H ciing xuit hién trong su dbt chay nhién liéu gidu hydrocarbon. Trong do,
dong phan dang vong 1a 6n dinh nhat (Loison & cs., 2017; Turner & cs., 2000). Hai dang cdu
truc cta gde propynylidyne:

I-C3H C-C3H

Hinh 1. Hai dang ciu tric caa gbc propynylidyne
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Gde C;H duge xem 1a mot dang mach carbon thua vi trong chudi C,.H duge phat hién
trong khong gian. Vi the da c6 nhiéu cong trinh ca 1y thuyét va thuc nghiém nghién ctru vé goc
nay. Phan ung cta goc CsH véi cac phén tir chat vo co nhiing nam gan day da dugc nhiéu
nhém nghién ctru nhur C;H + S (Flores & Golmez, 2001), C;H + H,O (Dong & cs., 2005), C;H
+ NO (Xie & cs., 2006), C;H + O, (Zhu & cs., 2013), CsH + NH; (Nguyén, 2024) bang 1y
thuyét phiém ham mat do B3LYP/6-311++G(d,p) va cac cach tinh & muc do cao hon nhu
CCSD(T)/6-311G(2d,p); QCISD/6-311G(d,p); QCISD(T)/6-311+G(3df,2p), CCSD(T)/augee-
pVTZ. Két ‘qua cua cac nghién ctru ndy dong gop dang ké cho su hiéu biét vé gbc C3H trong
qué trinh d6t chay va khong gian giita cac vi sao. Mat khac, gbc ethynyl (CoH) — mot dién hinh
ctia diy gdc tw do C.H duoc sinh ra trong qua trinh d6t chay héa hoc - ciing di dugc nghién
ctru ki ludng ca bang thuc nghiém va 1y thuyét. Phan ing ctia C,H véi cac hop chat R-CN, R-
OH, XH; (X: P, N), HCOOH (R: H, CH;, C>Hs...) di dugc nghién ciru ly thuyét béi Tran
Quéc Tri va Nguyén Thi Minh Hu¢ (2011); nghién ctu thuc nghiém béi Nizamov, B., Leone,
S. va cac nhom nghién ctru khac (Tran & Nguyén, 2011; Nizamov, & Leone, 2004). Do do,
nghién ctru 1y thuyét phan tmg ctia gbe propynylidyne (C:H) véi phosphine (PHs) 1a gop phan
mo rong hiéu biét vé phan tmg cua loai géc C,H nay. Trong bai viét niy, chiing tdi trinh bay
céc két qua khao sat phan ng tach truc tiép nguyén tir hydrogen va phan tng cong tach dong
thoi trong phan tmg gitta gbc propynylidyne v6i phan tir phosphine.

2. Phuong phap tinh

Céu tric hinh hoc cla cac chat phan ng (RA), cac trang thai chuyén tiép (TS) va cac
san pham (PR) déu duoc t6i wu hoa bang 1y thuyét phiém ham mat do (DFT), sir dung phan
mém Gaussian 09 voi phiém ham B3LYP va bd ham co s0 6- 311++G(d,p). Trong do, trang
thai chuyén tiép diing duoc xac dinh bang viéc phén tich tan sé dao dong, d6 nhidm spin (S?)
va toa do thuc (IRC) cua phan tmg. Ning luong diém don ciing dugc tinh & mic B3LYP/6-
311++G(d,p). Tu két qua tinh toan s€ thiét 1ap duoc bé mit thé nang, xac dinh dugc cac
thong s6 nhiét dong hoc, tinh duoc hang sb toc do cia cac duong phan ung trong hé va 1a co
s& cho cac nhéan xét, danh gia vé kha ning phan ung ciia cac dudng phan tng duy kién trong
hé chat nghién ctru. Cac tinh toan dugc thyc hién trén phﬁn mém Gaussian 09, két hop cac
phﬁn mém hd trg nhu: Gaussview 05, Chemcraft, Chemoffice.

3. Két qua va thio luin
3.1. Du doan kha niang phan tng

Dé so bd du dodn hudng phan Umg trong hé C3H va PH3, viéc tinh nang lugng cua cac
orbital phén tir (MO) duoc thuc hién, két qua chi tiét trong bang 1:

Bang 1. Gia tri ning lugng cia HOMO va LUMO & B3LYP/6-311++G(d,p)
E (HOMO) (eV) E (LUMO) (eV) AE (LUMO-HOMO) (eV)

I-CsH  -8,71 (HOMOq)

-4,35 (LUMOq)

1-C3H(a) - PH; 3,27

-8,44 (HOMOB) -4,08 (LUMOB) I-C3H(P) - PH; 3,54

c-C;H -7.62 (HOMOq) -1,90 (LUMOq) c-C;H(a) - PH; 5,72
-7,35 (HOMOR) -1,63 (LUMOB) c-C;H(B) - PH; 3,27

PH; - I-C3H(a) 8,44

PH; - I-C3H (B) 8,17

PH; 7,62 0,27 PH; - ¢-C5H(a) 7,35
PH; - ¢-C3H (B) 7,08
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Theo ly thuyét orbital phan tir bién (FMO) do Kenichi Fukui dé xuat, sy tuong tac
giita orbital HOMO ctia chat cho electron va LUMO cua chét nhan electron 1a yéu t& quyét
dinh hudng dich chuyén electron, dac biét khi AE gifra c4c orbital nay 1a nho nhét (Fukui,
1982). Két qua tinh cho thay, gia tri AE thap nhat (mg véi mirc ning lugng LUMOo. cua /-
C;H va HOMO cua PH;, LUMOp cua ¢-C3H va HOMO cua PHs. Do d6, trong hé phan tmg
mat do electron s& dich chuyén tir phan tir PH; sang géc C;H dé bao hoa trang thai héa tri.
Két qua nay phu hop v6i kha ning hinh thanh lién két sigma trong su hinh thanh cac san
phim quan trong cta phan tmg trong hé nay. Hinh anh céc orbital bién duoc biéu dién trong
hinh 2.

Céu trac HOMO LUMO

o g ”a

Hinh 2. Hinh anh c¢ic HOMO va LUMO cuaa C:H va PH;

3.1. Du kién so' @6 phan tng va ciu tric hinh hoc

Céc hudng phan tmg dugc khao sat va mé ta chi tiét trong hinh 3 va hinh 4.

TSl —»PR1  (I-CCCH, + PH,)
RA1 (I-C;H + PH3) < TS4 —»PR4 (1-H,PCCCH>)
TS5 — PR5 (I-HCCCHPH,)

Hinh 3. So' dd phan tng cia dong phan dang /-C;H va PH;

TS2 __ , PR2  (c-C;H, + PHy)
RA2 (c-C3H + PHs) < TS3— PR3 (I-CCCH, + PH,)
TS6 — PR6 (c- H2PC3Hy)
Hinh 4. So dd phan @ng ciia dong phin dang ¢-C;H va PH;
3.2. Céu triic hinh hgc ciia trang thai chuyén tiép

Céu trac hinh hoc ctia trang thai chuyén tiép (TS) da dugc tinh toan chi tiét va da duoc
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thé hién trong hinh 5:
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Hinh 5. Céu tric hinh hoc ciia TS
[Pé dai lién két (A), géc lién két (°), ddu cham thay cho ddu phdy chi phan thdp phdn]
3.3. Két qua tinh toan

Gilra hai dang déng phan cdu tao ciia gc C3H c6 su khac biét vé ning luong, qua
trinh dong phan hoa thé hién qua cén bang: I- -CCCH(g) = ¢-CH(CC)(g). Mirc nang luong
khac biét gitta chung 1a nho va bang 4,6 kJ/mol (Tran & T6, 2024). Nhu vay, trong hé chét
phan tng, hai dang dong phan nay c6 thé cling ton tai va su chuyén hoa giita chung theo can
bang trén 1a kha kho do hang rao ning lugng twong dbi cao (Tran & To, 2024).

3.3.1. Phan irng tdch trie tiép nguyén tir hydrogen

Phén (mg tach truc tiép nguyén tir hydrogen tao thanh san phim nhu so d0 sau:

I-C:H+PH; — I8 [ CCCH,+PH, (1)
c-C:H+PHs _ IS2 c-CsH, + PH, ()
c-C:H+PH, T3y 1.CCCH,+PH, (3)

Trong phan g tach hydrogen theo so d6 (1), nguyén tir carbon C? chira electron doc
than trong /-CsH tin cong vao mot nguyén tir hydrogen trong phan tir PH; 1am cho nguyén tir
H bi tach ra tao PH,. Nguyén tr H vira bj tach ra lién két voi gée C3H tao nén I-CCCH,. O
dudng phan ung nay, hé chat phan (mg phai di qua trang thai chuyén tiép TS1. Tai day, do
dai mot lién két P-H trong phéan tir PH; dan bi dut ra 1a 1,56 A, lién két H-C méi dang hinh
thanh 1a 1,47 A. C4u trac cua TS1 c6 mot tan s6 dao dong 4o duy nhit 13 i11859,14 cm™, do
nhiém spin S?= 0,77. Hang rao nang lugng ciia phan tmg 1a 27,2 kJ/mol.

Dé tao san pham PR2 (c-C3H, + PH,), nguyén tir carbon C' trong ¢-C3H tin cong vao
mot nguyén tir H trong PH; va lién két v6i nguyén tr H nay dé tao c-C3H,. Hé chit trai qua
trang thai chuyén tiép TS2 c6 ning luong 13 9,6 kJ/mol — ning lugng nay thp hon so véi su
tao thanh san pham /-CCCH, trong so d6 (1). Khoang cach P-H dang bi dut ra trong trang
thai chuyén tiép TS2 14 1,51 A va lién két C>-H chuan bi hinh thanh véi goc ¢-C3H 1a 1,69 A.
Tén s dao dong 4o duy nhit ciia TS2 1 i373,4041 cm™, d6 nhidm spin S = 0,76. Trong so
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dd (3), nguyén tr C* dang chira lién C-H cuia gbc c-C3H tin cong vao nguyén t H ctia PHa.
Hé phan mg di qua trang thai chuyén tiép TS3, khoang cach P-H dang bi dut rala 1,77 A va
lién két C3-H dang dugc hinh thanh 1a 1,32 A. Tan s6 dao dong a0 duy nhat cia TS3 la
i1528,3097 cm!, d6 nhiém spin S> = 0,76. Khi so sanh véi trang thai chuyén tiép TS2 cho
thay lién két P-H dang bi dut ¢ day dai hon (1,77 so voi 1,51 A) va lién két C-H dang hinh
thanh ¢ day ngan hon (1,32 so v6i 1,69 A). San pham PR3 thu dugc do su pha v& ciu tric
mach vong tir chit tham gia dé hinh thanh mét cdu trac méi mach hé va mot gbe tu do (1-
CCCH, + PH,) tuwong tu nhu PR1. Hang rao ning lwong ciia phan tng nay rat 1én 133,7
kJ/mol. Can cir vao gi4 tri hang rao nang luong, phan mg tach hydrogen tir vi tri C? ctia gbc
¢-C;H dién ra kho khin hon rét nhiéu so voi tach hydrogen tir vi tri C'.

3.3.2. Phan iing cong — tach dong thoi

Phan tng cong tach dong thoi gitra phan tir PH; va géc C3H tao thanh san pham theo
so do sau:

I-C;H+PH; — D57 5 IPH.CCCH, (4)
I-C;H+PH; —39  » [HCCCHPH, (5)
ce-CsH+PH; — 150, -~ PH,CCCH, (6)

Cac phan Ung nay la phan ing mét giai doan, tu chat phan tng dén tao thanh san
pham di qua trang thai chuyén tiép TS4, TS5, TS6 ma khong qua giai doan hinh thanh phirc
hoic tao san pham trung gian.

Pé hinh thanh san pham PR4 theo so d6 (4), cac chat ban dau di qua trang thai chuyén
tiép TS4. Trang thai chuyén tiép TS4 duoc hinh thanh do su cong nguyén tir P vao C' ctia gbc
[-C3H dong thoi véi su cat nguyén tir H' cuia PHs. Khoang cach P-H! trong TS4 13 1,69 A, véi
i1362.6959 cm™ 1a tAn sb dao dong 4o duy nhét, d6 nhidm spin S = 0,77. Hang rao ning luong
ctia phan g 14 0,6 kJ/mol. Trong so d (5), sur tao thanh san pham PR5 tir chat ban dau di qua
trang thai chuyén tiép TS5. O TS5 ¢ su chuyén vi dé hinh thanh lién két C-P, nguyén tir P
cong vao C? lién két voi H cua gde I-C;H dong thoi véi su cit H2 ciia PH;. Khoang cach P-Hz
trong TS5 dang bi dut ra 1a 1,65 A. Tan s6 dao dong ao duy nhét ctia TS5 14 i1252,3301 cm' va
d6 nhiém spin S? = 0,76. Hang rao ning lugng cua phan tmg la 16,5 kJ/mol. Can ctr vao gia tri
hang rao nang luong, phan Gmg cong tach ddng thoi 6 sy hinh thanh lién két C-P tir vi tri C
ctia gbc /-CsH khong d& so v6i sy hinh thanh lién két C-P tir vi tri C1.

Trong so d0 (6), phan tmg cong tich dong thoi cua gde C3H dang mach vong véi PH;
di qua trang thai chuyén tiép TS6 dé hinh thanh san pham PR6. O TS6, nguyén tir P dugc
cong vao C3 khong lién két véi H dé hinh thanh lién két C3-P ddng thoi véi sy cit H' tir PHa.
Khoang cach cua lién két P-H' dang bi dut 13 1,64 A, v6i i1341.0364 cm'1 14 tin sé dao dong
4o duy nhat va d6 nhiém spin S? 1a 0,76. Hang rao ning luong ciia phan tng rat cao 110,3
kJ/mol cho thiy phan g rat kho xay ra.

Két qua chi tiét bé mat thé ning cua 6 dudng phan tmg dugc trinh bay ¢ hinh 6.

Bé& mit thé nang cho chung ta biét ca 6 duong phan ing déu 1a phan tng téa nhiét. Tir
céac sb liéu thu dugc cua bé mit thé ning ciia hé phan mg, két hop v6i quan diém thuyét trang
thai chuyen tiép ctia dong hoa hoc, chung ta thiy cac duong phan mg tao san phim PR2, PR4,
PR5 chiém wu thé hon «cac duong phan mg con lai. Ket qua tinh toan nay phu hop voi cac
nghién ctru trude dy vé kha nang phan tmg tach truc tlep nguyén tir hydrogen cua dong phén
mach vong & vi tri C' va kha ning phan Gmg cong tach dong thoi ciia dong phan mach thing.
Vé mit dong hoc, kha ning xay ra clia cac phan tmg trong hé C;H va PH; da dugc khao sat co
thé duoc xép theo thtr tw nhu sau: PR4 > PR2 > PR5 > PRI > PR6 > PR3.
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E (kJ/mol)

“100
\
N
N 176,7
— PR6
2200 4
A
300 + — RAIl l4/-C;H va PH; ANCEES .
— RAZ 1A ¢ -C3H va PH; \.320.2

Hinh 6. Bé mit thé ning ciia cac dudng phan tng giita C:H va PH;

Mot két qua khac can duoc quan tdm 1a so sanh kha ning phan tng cing nhu cac san
phim co thé dugc tao ra trong phan mg gitra NH; (cling la mét hop chét trong nhom
pnictogen trihydride) va PH; voi C;H. Bé mit thé ning cua cac dudong phan ung trong hé
C:H voi NH; dugce hién thi ¢ hinh 7.

E (kJ/mol)
TS4
1344\
100 1+ -
“rss ﬁ PR
PR 61,7
TNTST e
0t \J0-3 TS1
16,8
\
Ay
100 + "-\
\ PR4
_153,9
2200 1+ \
m— RAI 14 1-C;H va PH; Y
— RA2 13 ¢-CH va PH, PR3
—
=300 + 2859

Hinh 7. Bé mit thé niing ciia ciac duwong phan tng giira C;H va NH;

Theo két qua tinh ctia Nguyén Ngoc Tuyét (2024), phan tng ctia CsH véi NH; tao thanh
céc san pham nhu sau: PRI (¢-CsHs + NHy), PR2 (I-CCCH; + NH,), PR3 (I-C;HCCNH,) va
PR4 (¢c-CsHaNH»). Cac két qua tinh vé phan ng tach hydrogen gitra CsH vdi NH; tao ra san
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pham /-CCCH, v6i hang rao ning lugng 1a 76,6 kJ/mol va tao ra san phdm ¢-C:Ha véi hang
rao nang lugng 1a 40,3 kJ/mol. Trong khi d6 phan ting gitra C;H v&i PH; tao thanh san pham /-
CCCHj c6 hang rao nang luong 1a 27,2 klJ/mol va san pham ¢-CsH, ¢6 hang rao ning luong 14
9,7 kJ/mol (Nguyén, 2024). Piéu nay cho thdy viéc tao thanh san phdm /-CCCH; va ¢-C3H,
trong hé C;H + PH; dé dang hon so v6i hé C;H + NHs. Hang rao ning luong trong phan (mg
cong tach dong thoi gitra -C3H véi NH; thap hon so véi giita ¢-CsH véi NH; (70,1 so véi
134,4 kJ/mol), cho thay phan (g nay xay ra thuan loi hon trong h¢ /-C;H + NHs. Két qua nay
hoan toan phul hop véi két qua tinh trong hé C3H + PH;.

3.3.3. Nhiét dong hoc cua sw hinh thanh san phcfm

Két qua tinh cac tham sb nhiét dong hoc & diéu kién chuén cho tit ca cac duong phan
ung dugc trinh bay trong bang 2.

Bang 2. Thong sé nhiét dong hoc ciia 6 dwong phan ing

Puong phan ung AH% (kJ/mol) ASY5s (J/mol.K) AGYog (kJ/mol)

PR1 -36,4 1,9 -37,0
PR2 -85,2 -5,2 -83,7
PR3 -38,3 3,9 -39,4
PR4 -326,8 -151,6 -283,9
PRS -309,5 -154,7 -265,7
PR6 -186,5 -159,3 -141.,4

Tir gi tri cac thong sé nhiét dong hoc cia sau dudng phan tung trong hé C;H va PH,
déu 1a phan tmg téa nhiét va c6 kha ning xay ra & diéu kién chuin, vi cac phan tng nay déu
c6 AHY9g < 0 va AGYgg < 0. Két qua tinh toan ciing cho phép du doan cac phan ting 2, 4, 5, 6
¢6 AS9gg < 0 nén uu tién xay & nhiét do thap, trong khi phan tng 1 va 3 c6 thé xay ra & moi
nhiét do. Theo gia tri AGqg, mirc d6 wu tién ciia cac phan ing co thé duoc sap xép theo thir
tu: PR4 > PR5 > PR6 > PR2 > PR3 > PR1. Ddi chiéu két qua tinh bé mat thé ning va tinh
nhiét dong hoc chi ra mirc d6 wu tién cia cidc dudng phan tmg trong hé C;H va PH; c6 su
khac biét: san phdm PR35, PR6 uu tién hon PR2 va san pham PR3 wu tién hon PR1.

Khi xét gi4 tri thong s6 nhiét dong hoc clia sy tao thanh san pham /-CCCH, va ¢-C3H,
ciia hé C3H + NH; (Nguyén, 2024) va hé C;H + PH; dugc thong ké trong bang 3 (ca hai hé
chat nay duoc nghién ctru cing phuong phap, cing phiém ham va cung bd ham co sé).

Bing 3. Thong s6 nhiét dong hoc ciia sy tao thanh sin pham /-CCCH; va ¢-CCCH;
ciia h¢ C;H + NH; va hé C;H + PH;

Hé chat  Sian phim  AHYog (kJ/mol) AS24g (J/mol K) AGY5g (kJ/mol)

C:H I-CCCHa 61,1 -0.,8 61,3
va NH; c-C:H, 12,3 2,1 12,9
C:H I-CCCH, 36,4 11,1 39,6
va PH; c-C;H, -85,2 4,0 42,0

S liéu tir bang 3 cho thiy, phan tng tao thanh san phim /-CCCH, va ¢-CsH, trong hé
C3H va NH; AGYgg déu co gia tri duong, trong hé CsH va PH3 AG9gg déu co gi tri am. Mt
khac, AS9yg clia hai phan tng trong hé C;H va NH; déu mang gia tri am, trong khi AS9gg clia
hai phan tng trong hé CsH va PH; déu mang gia tri duong. Diéu niy chi ra rang cac phan
Ung tao san pham /-CCCH, va ¢-C3H, trong hé C;H va NH; khong thé xdy ra ¢ didu kién
chuin; cac phan Ung tao san pham I-CCCH; va ¢-C;H, trong hé C;H + PH; co thé xay ra &
diéu kién chudn. Nhu viy, vé mit nhiét dong hoc phan ung tach truc tiép nguyén tir
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hydrogen trong hé¢ CsH + PHs dé xay ra hon so véi phan tmg cung loai trong hé C;H + NHa.
Két qua nay ciing hoan toan phu hop voi két qua so sanh trén bé mit thé niang.

3.3.3. Hang sé toc do ciia s hinh thanh san pham

Hing s6 téc d6 phan tng dugc tinh toan theo 1y thuyét trang thai chuyén tiép dwa vao
phuong trinh Eyring ¢6 hi¢u chinh cho phan g bac hai (Bonnet, 2010):

aGHe

k(T) = —Te‘ T

Trong do:

- k(T): hing sb téc d6 cua phan tmg

- AG*: bién thién thé ding nhiét — dang ap tir chat phan ung dén trang thai chuyén

tiép, con dugc goi 1a “néng lugng hoat hoa ty do”

- ks: hang sé Boltzman va bang 1,381.10% J/K

- T: nhiét 46 (K)

- h: hang s Planck va bang 6,625.107* J.s

-R: héng s6 khi Iy tuong va bang 8,314 J/mol.K

- C°: ndng d9, trong phep tinh nay xem nhu C° = P°/RT v6i P° =1 atm, T = 298K.
Két qua tinh hing s téc do ¢ diéu kién chuan cho tit ca cic dudong phan tmg dugc

trinh bay trong bang 4. o
Bang 4. Hang so toc dg ciia cac phan ng ¢ 298K va 1 atm
Phéan tng 1 2 3 4 5 6

AG* (J/mol)  59966,2  40912,8 169273,1 39658,2 51223,9 152347,3

k (cm’. 19 16 38 -15 17 35
4 o 3,17.107 6,96.107'° 2,21.10 1,15.10 1,08.10 2,04.10
molecule™.s™)

Céc gia tri vé hang sb toc do cua séu phan tng cho théy téc do cua phan mg 4 1a 16n
nhét, ké dén la _phan tmg 2, dén phan tng 5, dén phan tng 1, dén phan tung 6 va cudi cung la
phan tmg 3. Két qua trén chi ra rang, thtr tu kha nang xay ra cua sau phan ing dua vao bé mit
thé ning va hing sb tbc do phan Gmg phu hop tét v6i nhau. Nhu vay, ¢ diéu kién tiéu chuén,
c4c phan tmg trong hé CsH + PH; déu c6 kha ning xdy ra. V& mit dong hoc, thir ty wu tién cua
c4c phan tmg duoc sip xép theo trét ty sau: PR4 > PR2 > PR5 > PR1 > PR6 > PR3.

4. Két luan

Co ché phan tmg cua h¢ C3H + PH; da dugc khdo sat chi tiét thong qua tdi uu hda hinh
hoc, tinh toan nang luong, tan s6 dao dong, ning lugng diém khong, xay dung bé mit thé
nang, cac duong phan ung tiém nang trong h¢ dugc xac dinh, hang s6 toc do ciing duoc tinh
chi tiét. Song song do, cac thong s6 nhiét dong hoc (AH20s, AS®20s, AG®208) cho tat ca cac
duong phan tng ciing duoc tinh toan.

Két qua Ve muc d§ uu tién cua cac phan tng theo be mat thé ning phu hop t6t voi két
qua tir hing sb toc do, trong khi ¢ sy khac bi€t so vdi sdp xép dua trén yéu to nhiét dong
hoc. Trat tu wu tién duoc chap nhén vé mit dong hoc la: PR4 > PR2 > PR5 > PR1 > PR6 >
PR3, trong d6 san phém ctia duong phan tmg PR4 (/-PH.CCCH:) duoc danh gia la 6n dinh
va thuan loi nhét ca vé dong hoc 1an nhiét dong hoc. bic biét, phan ung tao thanh PR3 kém
thuan loi nhat do c6 hang rao ning luong cao, yéu ciu ning lugng kich hoat 16n. Két qua
tinh ciing cho thiy, kha ning phan tmg cong—tich dong thoi ciia dong phan dang mach ho -
CsH 1a dé dang hon so véi dang mach vong ¢-CsH.

_ Bén canh nhiing két qua nghién clru co ché phan tng, so sanh giita hé CsH + PH; va
CsH + NHs cho thay viée tao thanh san pham /-CCCH: va ¢-Cs;H: trong hé véi PHs thuan loi
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hon dang ké ca vé mat nhiét ddong hoc va dong hoc.
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