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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 (ky,/k..) at finite pressure by the aid of the conventional procedure of
the RRKM theory. The obtained results prove to be reliable.

I-MG PAU trang thai luong tir ctia phic chat hoat dong va

phan tr hoat héa. Nhitng dai lugng néi trén

Trong thi tuc tinh téc do phan dng don thudng c6 mit trong biéu thifc tinh hing s6 toc

phan tir viéc quan trong nhat déng thoi khé  do 6 cdc gid tri dp sudt chuyén ti€p ,,; theo 1y
khan nhat 12 viéc tinh s6 trang thdi va mat do  thuyét RRKM [2, 8].
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trong d6, L™ 1a thira s6 théng ké; Q,* va Q, 1a c4c tdng thong ké clia cdc phép quay doan nhiét lan
luot trong phitc hoat dong va trong phan tir ban dau; Q, 13 tdng thong ké clia tit ca cdc bac tu do
hoat héa ctia phan tir ban dau, bao géom ca chuyén dong dao dong 14n chuyén dong quay noi cua
phan t; E, 1a gid tri nang luong t6i han; E* 1a gid tri nang luong tiic thi ctia phitc chat hoat dong; E*.,
12 gi4 tri nang lugng ting véi cic chuyén dong dao dong va chuyén dong quay; P(E*,) 1a mat do
trang thai clia phan tr phic hoat dong, va
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Day 1a hing s6 t6c do ctia qué trinh chuyén
phiic hoat dong thanh san pham. Dac biét, s6
trang thai luong tir dao dong thong thuong phai
duoc tinh bing mdy tinh va viéc ndy cang tr& nén
phiic tap va cong phu & gia tri nang lugng cao. Dé
tranh nhitng phién todi vé tinh todn nay, nguoi ta
thuong van dung giai phdp c6 tinh chat "ludng
nguyén": stt dung phép tinh truc ti€p doi véi
phan t phdc hoat dong la phan t cé nang
luong t6i han nhd va phuong phép kinh nghiém
ctia Whitten-Rabinovitch v6i phuong trinh dang
giai tich do6i v6i phan tir hoat héa 1a phan tr ¢6
nang lugng téi han 16n [3, 13, 14]. BPuong nhién,
do su khong nhét quan vé phuong phap ma két
qua tinh s6 trang thai va mat do trang thai va, do
do, két qua tinh hang sO toc do phan ung & gla
tri ap suat chuyen ti€p sé€ chia nhiing sai so.
Ngudi ta da khic phuc nhitng nhugc diém nay
béng cdch st dung duy nhét phuong phdp tinh
truc ti€p ca doi véi phic chét hoat dong va phan
tir hoat héa kém theo phép nhém céc tan s6 [14].
Giai phap nay da cé nhiing két qua tot. Tuy vay,
né van ham chia thém mot phép gan ding -
phép nhém tan so, 1a phép gan ding khong hoan
hao trong moi tinh huéng, nhat 1a d6i vé6i phan
tir ¢6 s6 tin s6 dao dong 16n va phan tan.
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Tinh hinh s& hoan toan thay ddi néu dé tinh
sO trang thdi va mat do trang thai clia cdc phan
tlt ching ta sit dung phép bién déi Laplace cla
1y thuyét ham bién phic ma ndi dung cta né
dugc trinh bay trong cidc cong trinh [1, 2, 4 - 6,
10 - 12].

I1 - AP DUNG VAO VIEC TINH HANG SO
TOC PO PHAN UNG BONG PHAN HOA
XICLOPROPAN

Phan tr xiclopropan cé 21 bac tu do dao
dong dugc nhém thanh 7 nhém "suy bién" nhu
sau [8,9]: v, =2821(6) cm™; v, = 1441(4) cm’
vy, = 1289(2) em™; v, = 1080(3) cm™; v; =
753(3) em™; v = 270 cm’'; v, = 224(2) cm™.
Toéng théng ké dao dong clia phan tir nay duoc
tinh bang biéu thitc
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Héng s6 t6c do clia phan ting don phan tir
k., duge xdc dinh bang phuong trinh (xem [8])
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Trong d6, A 1a hiéu suit va cham, Z 1a s6 va cham, p 1a 4p suat, AE" 1a buéc 1ay tich phan,

k,(E ") 1a hing s6 t6c do clia qud trinh hinh thanh san phdm, duoc xdc dinh theo cong thic:

k(E )=L % > plE: )/ nv(E), 5)

E'=E,+E', E'= (i + %)AE (6)

Nhu vay, dé tinh k,,, ta chi cdn tinh biéu
thitc trudc s6 hang tdng, 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
thai & tiing gid tri nang luong (Gng vdi tling gid
tri clia bién dé€m i tir 0 dén 800; mdi mot bude
tich phan AE = 0,05 cal/mol) dugc tinh béng

phuong phdp bién déi Laplace st dung thuat toan
budc 13p giam dan (xem [7]).

11 - KET QUA VA BINH LUAN

1. Két qua tinh s6 trang thai va mat do trang
thai

Pé tién cho viéc khang dinh hiéu qua cta

phuong phdp ham bién phiic ching toi s€ liét ké
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nhiing gia tri ca sO trang thdi duoc tinh theo

bién d6i Laplace ma chiing t6i da thuc hién &

cdc phuong phdp tinh truc ti€p va phuong phap phan trén d6i véi phan tir xiclopropan.

Bdng 1: S6 trang thdi cua phan tir C;H, dugc tinh theo cac phuong phap khic nhau

(kc]ifrrzlol) WEY WEY WEY
10 7,3800.10° 7,2475.10° 802
20 7,6240.10* 7,5859.10* 77522
30 2,6647.10° 2,6467.10° 2680083
40 4,9466.10 4,9586.10 4,79.107
50 6,0732.10° 6,1352.10° 6,12.10°
100 5,7732.10" 5,8239.10" 5,84.10"
150 2,9562.10" 2,9836.10" 3,00.10"
200 3,4849.10" 3,5177.107 3,57.10"

(cot a 1a két qua nhan dugc bing phuong phdp dé€m truc ti€p; cot b 12 két qua nhan dugc
bang phuong phdp bién ddi Laplace; cot c 1a két qua nhan dugc bang phuong phip dém
tryc ti€p boi E. W. Schlag va R. A. Sandsmark [9]).

Tir bang 1 cho thay cac két qua s trang thai
1a kha phu hop véi két qua ctia phuong phép tinh
truc ti€p da dugc thuc hién bdi cac tac gia E. W.
Schlag va R. A. Sandsmark [9].

Phuong phép tinh s6 trang thai va mat do
trang thdi cta ly thuyét bién déi Laplace td ra
rat hiéu qua, vi n6 khong phai dém truc ti€p so
ciach chia nang luong cta phan t&r thanh cédc
lugng tir dao dong cua cac bac tu do. Cach dém
nay thudng rit nang né boi vi mdy tinh phai thuc
hién s6 vong lap 16ng nhau rit 16n (bang s6 bac
tu do dao dong khac tan s6). Viéc tinh s6 trang

thai va mat do trang thai luong tir bang phuong

phédp ham bién phic chi quy vé tim nghiém cua

phuong trinh dai s6, ma viéc nay ching ta da xu

1y rat hiéu qua khi st dung thuat toan budc lap

giam dan.

2. Cac két qua tinh hing s6 téc do phan ng
dong phan héa xiclopropan

Céc két qua tinh hiang s6 toc do phan tng
déng phan héa xiclopropan bing phuong phép
bién déi Laplace déi chiéu vé6i phuong phdp tinh
truc ti€p dugc trinh bay & bang 2.

Bdng 2: Hang s6 tdc do clia phan ting dong phan héa xiclopropan & mot vai dp sudt khdc nhau

Inp -1,660 | -0,994 | -0446 | 0,000 1,000 4,086 5,037
In(k,/k)® | -1,017 | -0,749 | -0,569 | -0,448 -0,246 -0,025 | -0,012
In(k, /k)® | -1,051 | -0,778 | -0,595 | -0,470 -0,257 0,024 | -0,010

Inp 5142 | 5242 5,337 5,428 5,515 5,598
In(k,/k.)® | -0,011 | -0,0107 | -0,010 | -0,009 -0,009 -0,008
In(k,,/k)® | -0,009 | -0,008 | -0,007 | -0,007 -0,006 -0,006

Trong bang 2 4p suat p duoc tinh theo don vi  qua héng s6 toc do tinh theo phuong phdp bién
torr; In(k,,/k)® 1a két qua hing s6 toc do tinh ~ doi Laplace.
theo phuong phdp truc tiép; In(k,,/k..)™ 1a két D6 thi twong tng biéu dién su phu thuoc clia
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héng s6 toc do vao dp suét dugc trinh bay trén
hinh 1.

. In(kuni/kve)

L
In(P)

Hinh I: Su phu thuoc cua In(kuni/kvc) vao In(p)
doi v6i phan ing dong phan héa xiclopropan
theo hai phuong phép tinh s6 trang théi khac

nhau: duong (a) 1a két qua ctia phuong phdp tinh

s0 trang thai truc tiép; duong (b) 1a két qua cua
phuong phap bién ddi Laplace

Nhitng két trén d6 thi ching t6 ring hing s6
toc do tinh theo ly thuyét bién déi Laplace cho ta
déang diéu phu hop véi phuong phap tinh truc tiép,
tuy gid tri thap hon doi chiit.

Trong viéc tinh todn nay goc quy chiéu nang
lugng ching t6i chon la mic nang luong dao
dong diém khong tic 1a £ = 0 khi n = 0. Trong
chuong trinh tinh hing s6 t6c do ching toi
khong gap kh6 khan phai dém truc tiép trong
khau tinh s6 trang thdi va mat do trang thai cla
cac phan tir vi vay may tinh chay nhanh hon va
cho két qua sém hon.
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