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ABSTRACT

In conventional procedures for calculating the rate of unimolecular reactions according to
the RRKM theory, the computation of number of molecular quantum vibrational states and
density of states by direct counting on computer, being the most important stage, becomes very
complicated and cumbersome even for high power computer. The "double-faced" approach (using
simultaneously direct counting and Whitten-Rabinovitch analytical equation) is not consistent
and, naturally, leads to some errors. In this paper, unlike in the approaches mentioned above, we
made use of the Laplace transform steepest descent method for computing the density of states and the
number of vibrational states at different energies, then compute the rate constant (k,,/k.) at finite
pressure by the aid of the conventional procedure of the RRKM theory. The obtained results prove to

be reliable.

- MO PAU

Trong tha tuc tinh t6c do phan dng don
phan ttt, cong viéc quan trong nhat déng thoi
khé khan nhat 1a tinh s6 trang thai va mat do
trang thai lugng tir ctia phic hoat dong va phan
to hoat héa. Nhitng dai lugng néi trén thudng
c6 mit trong biéu thic tinh hing s6 toc do &
cdc gia tri dp suédt chuyén tiép k,, theo ly
thuyét RRKM [1, 8] (xem cong thiic (2)). Pac
biét, so trang thai luong tir dao dong thong thuong
phai dugc tinh bing mdy tinh va viéc nay cang tr&
nén phiic tap va cong phu & gia tri nang luong cao.
Dé trdanh nhitng phién todi vé tinh todn nay,
nguoi ta thuong van dung giai phéap c6 tinh chat
"ludng nguyén": stt dung phép tinh truc ti€p doi
vG6i phan t&r phic hoat dong c¢6 nang lugng tic
thi nho va phuong phdp kinh nghiém Whitten-
Rabinovitch d6i véi phan tir hoat héa ¢6 nang
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Iuong tuc thi 16n [3, 13, 14]. BPuong nhién, do su
khong nhat quan vé phuong phiap ma két qua
tinh s0 trang thai va mat do trang thdi va, do dé,
két qua tinh hing s6 toc do phén ting & gia tri 4p
suét chuyén tiép s& chita nhitng sai s6. Nguoi ta
da khac phuc nhitng nhugc diém nay béng cich
stt dung duy nhét phuong phap tinh truc ti€p ca
d6i v6i phiic chat hoat dong va phan tr hoat héa
kém theo phép nhém cic tan so [3, 14]. Giai
phap nay da cé nhiing két qua tét. Tuy vay, nd
van ham chda thém mot phép gin ding - phép
nhém tan s6, 1a phép gin ding khong hoan hao
trong moi tinh huéng, nhat 1a d6i véi phan tlr ¢6
s0 tan s6 dao dong 16n va phan tén.

Tinh hinh s& hoan toan thay ddi néu dé tinh
sO trang thdi va mat do trang thai cta ciac phan
tlt ching ta sit dung phép bién déi Laplace cla
Iy thuyét ham bién phiic ma ndi dung cta né
dugc trinh bay trong cic cong trinh [1, 2, 4 - 6,



10 - 12, 15] v6i muc dich nang cao do chinh xac
clia cdc két qua tinh todn.

I1-CO SO LY THUYET

Co ché clia phan tng dong phan hod etyl
isoxyanit thanh etyl xyanua cé dang:
C,DsNC ——— C,Dg----N ———— C,DsCN

Phan tlr phan ting c6 thé ton tai & cdc dang
¢6 cdu tric nhu sau:

+ -— .
C2D5_NEC C2D5 N

C:
(a) (b)
Bing thuc nghiém ngudi ta da chitng minh

dugc rang phan tir phan Gng ton tai chu yéu &
dang (a), tdc 12 ¢6 cdu tric thing hang do d6 s
do6i xing phan tr 1a ¢ = 3, con phtic hoat dong
theo mo hinh duoc dé xuat boi K. M. Maloney,
S. P. Pavlou, B. S. Rabinovitch [9] ¢6 s6 doi
xting la 6" = 1. Vi vay, thira s6 thong ké la
L =c/c*= 3. Trong truong hop nay, cdu tric cia
phtic hoat dong theo mo6 hinh da dugc dé xuat
[9] va phan tlr ban d4u 1a khac nhau nhiéu, nén
chiing ta phai tinh dén phép quay doan nhiét.
Phép quay doan nhiét dugc tinh dén bang cich
dua vao biéu thitc x4c dinh k(E°) va k,,; thira so

o _(1 lslc
0 I 0yl
la mémen quan tinh cta phic hoat dong va cuia
phan tir ban ddu. Cac gid tri cu thé cha ching
duogc cho trong bang 1.

2
j , trong d6 1" va I, lan luot

Tan s6 dao dong clia phan tir ban d4u va cta phiic hoat dong dugc cho trong bang 2.

Bdng 1: Momen quan tinh cta phan tir C,D;NC va cta phtic hoat dong

Phan ti C,D;NC Phiic hoat dong
I, Iy I I Iy I
15,36 110,0 126,3 14,64 110,5 117,0

Bdng 2: Tan s6 dao dong cta phan tir phan Gng va ctia phic hoat dong

Phan tir | 2146(6) | 1105(5) | 928(4) 766 | 670 | 420 | 249 | 205 | 165
Phi 2143(5) 1990 | 1105(5) | 945(3) | 562 | 766 | 670 | 324 | 249
c
205 165

(' S6 trong dau ngodc don cho biét bac suy bién cla tin s6 tuong tng).

Téng thong ké dao dong clia phan tir nay dugc tinh bang biéu thic

9

1
exp(=_ hv.f)

0(p)= | N
H (1—exp(-hv,f3))
Héng s6 t6c do cua phan tng don phan tir k,,; dugc x4c dinh bang phuong trinh (xem [8])
ko =2 exp(-E, / RT )AE™ S [epcE: )]exr:( ~E*/RT) o
HO0; A TRk (E /02
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Trong d6, A 1a hiéu suét va cham, Z la s6 va
cham, p 1a 4p suat, AE™ 1a budc ldy tich phan,
L 1a thira s6 thong ké; Q," va Q, Ia cdc tong
thong ké cta cdc phép quay doan nhiét 1an lugt
trong phitc hoat dong va trong phan tir ban dau;
0, 12 téng thong ké ciia tat ca cdc bac tu do hoat
héa clia phan tir ban ddu, bao gdom ca chuyén
dong dao dong 1in chuyén dong quay noi clia
phan tu; E, 1a gia tri nang lugng t6i han; E* 1a
gid tri nang lugng tic thi cua phitc chét hoat
dong; E*, la gid tri nang luong dGng vé6i cac
chuyén dong dao dong va chuyén dong quay;
P(E*,) la mat do trang thdi clia phan ti phic
hoat dong k,( E” )la hang s6 toc do clia qud
trinh hinh thanh san pham, dugc xé4c dinh theo
cong thic

k(E )= L¢QE1+[ZP(E;)]/hN*(E* ), ()

E' =E,+E*, E'= (i + %)AE 4)

Nhu vay, dé tinh k,,, ta chi can tinh biéu

thic trudc s6 hang téng, gia tri ciia mat do trang
thdi N'(E’) va s6 trang thdi W(E) = Y P(E}).

Ching toi da thuc hién viéc tinh todn nay trén
may tinh, trong d6 s6 trang thai va mat do trang
thdi & tling gia tri nang lugng (Gng vdi tiing gia
tri clia bién dém i tix 0 dén 800; mdi mot bude
tich phan AE = 0,05 cal/mol) dugc tinh béng
phuong phép bién déi Laplace st dung thuat
todn budc lap giam dan (xem [7]).

111 - KET QUA VA THAO LUAN

1. S6 trang thai

Pé tién cho viéc khang dinh hiéu qua cta
phuong phdp bién déi Laplace ching toi s& liét
ké nhiing gid tri ctia s6 trang thai dugc tinh theo
cic phuong phdp Whitten-Rabinovitch va
phuong phdp bién déi Laplace ma ching toi da
thuc hién d6i véi phan tit C,D;NC.

Tit bang 3 cho thdy cac két qua so trang thai
1a kha phu hgp véi két qua cua cic tic gia K. M.
Maloney, S. P. Pavlou, B. S. Rabinovitch [9].

Bdng 3: S6 trang thai cua phan tir C,D;NC dugc tinh theo cac phuong phdp khic nhau

E-Ez, kcal/mol W(E)* W(E)® W(E)*
10 2.222529E-0010 7.862258E+0005 | 1.133842E+0004
20 4.660982E-0004 2.623884E+0007 | 1.748668E+0006
30 2.324844E+0000 5.295762E+0008 | 7.777489E+0007
40 9.774787TE+0002 7.334085E+0009 | 1.733610E+0009
50 1.059785E+0005 7.580021E+0010 | 3.041820E+0010
100 2.222529E+0011 5.444857E+0014 | 5.232013E+0014
150 1.108572E+0015 2.740816E+0017 | 2.735296E+0017
200 4.660982E+0017 3.308099E+0019 | 3.307738E+0019

(cot a 12 két qua nhan duge bang phuong phap Whitten-Rabinovitch; cot b 1a két qua nhan dugc

bang phuong phép bién ddi Laplace; cot ¢ 1a két qua thuc nghiém).

2. Hang so6 toc do phan tng dong phan héa C,D,NC

Céc két qua tinh hing s6 t6c do phan ing dong phan héa C,D;NC bang phuong phép bién

déi Laplace doi chi€u véi phuong phdp Whitten-Rabinovitch duoc ké ra & bang 4.
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Bdng4: Hang s6 toc do cta phan tng dong phan héa C,D;NC & mot vai dp suét khdc nhau

lgP 1g(kynilk)" g (ki)™
2.00000000 -1.6241802699250332E+1 -1.6241802699250332E+1
2.84509804 -1.6241802698825271E+1 -1.6241802698821271E+1
3.11394335 -1.6241802698792576E+1 -1.6241802698790576E+1
3.27875360 -1.6241802698780528E+1 -1.6241802698780528E+1
3.39794001 -1.6241802698774265E+1 -1.6241802698770265E+1
3.49136169 -1.6241802698770425E+1 -1.6241802698769425E+1
3.56820172 -1.6241802698767831E+1 -1.6241802698763831E+1
3.63346846 -1.6241802698765959E+1 -1.6241802698762759E+1
3.69897000 -1.6241802698764346E+1 -1.6241802698761848E+1
3.74818803 -1.6241802698763284E+1 -1.6241802698761543E+1
3.79239169 -1.6241802698762427E+1 -1.6241802698761255E+1
3.83250891 -1.6241802698761720E+1 -1.6241802698760831E+1
4.00000000 -1.6241802698759386E+1 -1.62418026987551386E+1

Trong bang 4 4p suét p duoc tinh theo don vi torr; 1g(k,,/k..)® 12 két qua hing s6 t6c do tinh
theo phuong phap bién déi Laplace; 1g(k,,i/k..)” 1a két qua hing s6 toc do tinh theo phuong phap
Whitten-Rabinovitch.

D6 thi tuong ting biéu dién su phu thudc ctia hing s6 toc do vao dugc trinh bay trén hinh 1.

-16.2418
Lgikunifkvc)
-16.2418

-16.2418

162418 | / Whitten-Rabinowitch ¢ |

62418 |} S _ _
V, Laplace
152418 | & 1
162418 | -
2418 F f 1
62418 | f 1
162418 J 8
162418 4 -

-16.2418 - . :
2 25 3 35 4
LgP
Hinh 1: Su phu thuoc cta Ig(kuni/kvc) vao 1g(p) d6i véi phan ting dong phan héa C,DsNC theo hai
phuong phép tinh s6 trang thdi khdc nhau: dudng lién nét 1a két qua clia phuong phdp bién doi
Laplace; dudng chdm 1a két qua cua phuong phép tinh so trang thai theo Whitten-Rabinovitch
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IV - KET LUAN

Phuong phép tinh s6 trang thai va mat do
trang thai cta ly thuyét bién déi Laplace td ra
rat hiéu qua, vi n6é khong phai dém truc ti€p so
cach chia nang luong clia phan tir thanh cac
lugng tir dao dong cua cac bac tu do. Cach dém
nay thuong rit nang né boi vi mdy tinh phai thuc
hién s6 vong lap 16ng nhau rit 16n (bang s6 bac
tu do dao dong khdc tan s6). Viéc tinh s6 trang
thdi va mat do trang théi luong tir bang phuong
phdp bién déi Laplace chi quy vé tim nghiém
clia phuong trinh dai s6, ma viéc nay ching ta
da xtr 1y rat hiéu qua khi st dung thuat toan
budc lap giam dan.

D6i v6i 1y thuyét RRKM thi viéc nhét quén
trong tinh todn s6 va mat do trang thai dao dong
da anh hudng 16n dén két qua thu dugc cua hing
0 toc do cua phan tng don phan tt, va & day tr
nhitng két qua trén d6 thi ching to ring hing s6
toc do tinh theo ly thuyét bién déi Laplace cho ta
dang diéu phu hgp vé6i phuong phip Whitten-
Rabinovitch, tuy gia tri thap hon doi chiit nhung
ta thay dudng cong 1a kha tron va bién déi déu.
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