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PHUONG PHAP BIEN POI LAPLACE, PHEP GAN BUNG DIEM
YEN NGUA DO CHINH XAC CAO UNG DUNG CHO VIEC TiNH
MAT DO TRANG THAI DAO PONG CUA CAC PHAN TU TRONG
PONG HOC CUA PHAN UNG DON PHAN TU

It - TINH HANG SO TOC PO CUA PHAN UNG DONG PHAN HOA
1,1-DICLOXICLOPROPAN

Pén Toa sean 22-6-2007
TRAN VINH QUY', NGUYEN DINH BO?
'Khoa Hod hoc, Pai hoc Su pham Ha Noi
‘Khoa Pai hoc Pai cuong, Bai hoc Mo - Pia char Ha Noi

SUMMARY

In the present paper the number of states and the density of vibrational states, obtained by
Laplace transformation method — saddle point approximation (in the previous paper), are used
Jor calcwdating (by the ard of RRKM theory) the reaction rate constamt of 1,1-dicloxiclopropan-
2, 3-diclopropen isomerization. Results of this process give us all data for drawing the In(k,, /k.) -
InP curve (the fall - off curve). This way of investigation, in comparison with others ones (the
direct count, Whitten - Rabinovitch methods) appears to have great advantage, because it does
not contain internal methodological contraditions and behaviour of the fall - off curve is in very

good agreement with experiments.

[-MO DAU

Trong bai bdo trudc ching toi di trinh bay
phuong phap bién doi Laplace, phép gén ding
diém yén ngya dé tinh s0 trang thai va mat do
trang thdi luong tr dao dong, mot trong nhitng
th tuc rit quan trong dé nghién citu dong hoc
cua phan ing don phan tr. Trong bai nay, ching
t61 4p dung cdc két qua néu trén cua phuong
phap bien d6i Laplace va phép gin ding diém
yén ngua vao viéc tinh hang s6 to¢ do cha phan
tng déng phan hod 1,1-dicloxiclopropan. T dé
¢6 thé vé duoc dé thi biéu dién su phu thudc cha
dai lwong In(k,./k.) vao LnP (dudong cong &
khoang 4p sudt trung gian, hay dudng cong thut
giam (dudng fall — off)).

I- TINH CAC DAT LUONG BONG HOC CUA
HE PHAN UNG PONG PHAN HOA
1,1-DICLOXICLOPROPAN

So dé phan img don phan tir theo thuyét
RREKM cé dang:

A+ M Bk, (B +E +8E"

Ly AN erteseny + M (D)
Aoy +M—23A+M  (2)

kAEDY | 4 k*
A(.';“) AT

> San phim  (3)

Trong d&;

Giai doan (1) la qué trinh hoat hod phan wr
chat phan tng A boi tic nhan M, ma san pham
clia né 1a phéan tir hoat hod A” ¢6 nang lugng tic

165



thi E” 1én hon nidng luong t6i han E;, nghia la,
¢6 dli nang luong tién vao phan dng, va hing s6
t6c do k, phu thuoc vao nang lugng E’ cia phan
tir hoat hod A",

Giai doan (2) la qua trinh gidi hoat hod phan
tir hoat hod A" khi va cham véi phan tif tic nhan
M, hing s6 tdc do k, clia qua trinh nay dugc dat
tryc ti€p bang s6 va cham Z hay AZ (A la hiéu
sudt va cham);

Giai doan (3) 1a giai doan chuyén hoa phan
tlr hoat hod A" thanh sian phdm, théng qua su
hinh thinh mét phan tr trung gian A* - phic
hoat dong, ma su dua ra né béi M. R. Marcus
[2] 1a mot dé xudt mé&i lam cho 1y thuyét phan
tmg don phan tr RRKM tr& nén hiéu qua hon
hén cdc 1y thuyét ton tai tude d6, va hing s6 16¢
do cua qua trinh hinh thanh né k,(E") dugc tinh
dva vao thuyét tde dd tuyet doi,

Héng s6 t6c d6 ciia phan iing don phan tir
k.. duoc xdc dinh bang phuong trinh (xem [2]).

U exp(-E, /KT)AE" Z{ZP(F expt E' /RT)}

Kam = hQ,Q, = 1+k (E")/0LZP

(4)
rong dé E, 12 nang luong t6i han, E' 1a nang
luong tic thi, A 1a hiéu sudt va cham, Z 14 s6 va
cham, P 1a dp suat, Q, 1a tong thong ke clia phan
tr hoat hod, AE' 14 budc 14y tich phan.

Hang s6 t6c do k(E’) cia qua trinh hinh
thanh phic hoat déng tir phan tr hoat hoa A’
(budc 1 cia giai doan {(3)) véi nang lugng tic thi
E’ nhan duoc khi dp dung phuong phdp néng do
dirng cho A” va duoc xac dinh boi phuong trinh;

ka(E')zL*-%r[ZP( =Nt e,

E"=E,+E", E° :(i+%JAE*

(v6i L* 1a thira s& thong ke - bac suy bi¢n cla
con dubmg phan tmg, Q,* va Q, lan luot la cic
tong thong ké quay cua phic hoat dong va cuia
phan tir hoat hod, ZP(E',,) |4 s6 trang thai lugng
tr clia phuc hoat dong, N'(E") Ia mat do trang
thdi lugng tir ciia phan tlr hoat hod, h 1a hang s6
6 gid tri h = 9,537.10" kcal/mol.s, R la hang
s@ cé gid tri (R = 0,001987 kcal/molL.K). S va
cham 7 dugc xac dinh theo cong thic:

Z={8IN, /R)BT N, k/u) T (/)2 (g

trong dé 6, Ia duong kinh va cham (cm), pn 1a
khoi luong rit gon cioa | mol chédt, N, =
6,0225.104 mol', R = 62362.10°
cm’ftorr/K.mol, k = 1.3805.i0"° erg/K, T la
nhiét do tuyét déi.

( gi6i han 4p sudt cao hiing s6 t6c do phan
ing k. dugc tinh theo cong thirc (xem (2]):

kT Q°
k,=L". E,/kT
0 ——exp(- ) )

vél Q' va Q 1a 18ng thong ke quay — dao dong
cua phiic hoat dong va ctia phan tir hoat hoa.

Phan ing dong phan hoa ciia 1.1-dicloxiclo-
propan thanh 2,3-diclopropen da dugc nghién
citu bang thuc nghiém béi Holbrook. K. A,
Palmer. J. 8. va Parry. K. A. [7] & ap suat thap
va & cdc nhiét dé khdc nhau. D61 v6i phan tng
nay thuc nghiém da ching minh rang, & 4p suat
cao phan dng tuan theo quy ludt dong hoc bac
nhét, con & dp suat thdp thi khong thé ap dung
dugc quy ludt dé khi nghién ciu.

So d6 tdng quéit mo ta co ché cha qud trinh

(5) déng phan hoa nhu sau:
c, . n .
/ CCl
A=A =N

Vi gia thiét ring phan iing xay ra qua phifc hoat déng c6 4 c4u tric tvong duong nhau:
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Cdc tdn s6 dao dong cha phan tir phan ng
va phic hoat dong duge xac dinh bang thuc
- nghiém va ban kinh nghiém. Tir cdc tai liéu [2,
7] ta ¢6 tan sd dao dong cha phan tr phan ing
. 66 gid tri nhu sau: v = 3106, 3096, 3048, 3022,

1454, 1409, 1292, 1238, 1164, 1130, 1037,952,
874, 852, 772, 717, 500, 443, 404, 300, 272
(cm™)..

+ Tan s6 dao dong cua phie vat dong c6 gia
i v =3106, 3096, 3048, 3022, 1454, 1409,
1292, 1164, 1130, 1037, 952, 852, 717, 500,
4852, 2669, 266,9, 237,3,237.3, 237.3 cm’.

P6i voi phan to 1,1-dicloxiclopropan c¢6
(3xN) - 6 = (3x9) — 6 = 2] bac ur do dao dong,
do d6 ta ¢6 21 tan sO tuong Gng nhu trén. D6i
véi cdc phiic hoat dong thi chi cé 20 tin sé dao
dong do mot tan s6 (v = 1238 cm’’) da duoc
chon 1am toa do phan ung.

Cac thong s6 co ban cua phan tr hoat hod ¢6
gidtri: L"=4,Q,/Q,=1,6,= 6510 cm, p =
M,/2 g/mol, E*,,. = 40 kcal/mol, AE' = 0,5
kcal/mol, F, = 57.81 keal/mol, E, = 55.65
kcal/mol.

Trudc day, khi dp dung ly thuy&t RREKM
tinh hang s6 t6¢ d6 cua phéan img don phan tir s¢

Ci iy C2
N
1
1

G

élz Clz
(I (Iv)

trang thdi lugng tr dao dong dugc tinh theo cac
phuong phdp dém truc tiép & gid tri nang luong
thdqp va bin kinh nghiém (Whitten -
Rabinoviich) & nang lugng cao, cdn mat do
trang thdi chi dugc tinh theo phuong phdp ban
kinh nghiém. Do vay, ¢é su khong nhit quin
trong phuong phap tinh va dan dén két qua c6 su
sai léch nhiéu so v&i thuc nghiém (xem dé thi
trén hinh 1). Trong bai bao ndy ching tdi sit
dung phuong phip bién d6i Laplace, phép gin
ding diém yén ngua do chinh xdc cao dé tinh s
trang thdi va mat do trang thdi dao dong ca cha
phan tit phan tng ciing nhu cia phic hoat dong.
Gi4 i cia mat do trang thdi da tinh tong bai
bao trudc dugc dat vao phuong trinh (5) dé tinh
hing s6 t6c do cla phan (ng ddéng phan hod
1,1-dicloxiciopropan.

I - KET QUA VA BINH LUAN

Sau khi dat cac gid tri s60 va mat do trang
thdi dao dong cha phan tr phan tng va phic
hoat dong vae cdc phuong trinh (4, 5) ching th
thu dugc cdc két qua hing s6 t6c dé cta phan
itng dong phan hoa 1,1-dicloxiclopropan thanh
2,3-diclopropen cé gia tri duoc ké trong bang
nhu sau:

InP In(kyn/k-) InP In(k,,/X..)
2.999460 -6.461942E-02 3.659832E-01 -2.912980E-01
1.868660 -9.468876E-02 1.672872E-01 -3.389340E-01
1707688 -1.045003E-01 4.750316E-03 -3.822293E-01
1.453668 -1.243985E-01 -8.772335E-03 -3.860089E-01
1.213830 -1.489412E-01 -3.735923E-01 -4.983772E-01

9.998199E-01

-1.762166E-01

-4.066407E-01

-5.095510E-01

9.617222E-01 -1.816446E-01 -4.907090E-01 -5.387203E-01
7.7798886E-01 -2.100703E-01 -9.998199E-01 -7.381080E-01
5.842260E-01 -2.455153E-01 -2.999460 -1.876581
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Tir 46, v& dugc do thi biéu dién sy phy thude clia dai lugng In(k,,/k.,,) vao LnP (dudng cong
ap suat trung gian, hay dudmg cong thut giam (dudng fall — off) nhu hinh 1.
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Hinh I: Pudng cong dp sust

Nhur da trinh bay trong bai bao truse, d6i véi
Iy thuyét RRKM thi viéc nhit quan trong tinh
todn s6 va mat do trang thai dao dong da anh
hudng 16n dén két qua thu duge clia hing s6 téc
d6 cha phan img don phan ta, va & day tir d6 thi
trén chiing ta thdy hing s6 t6c do tinh theo
phuong phdp bi€én doi Laplace cho ding dicu
khd phu hop véi thuc nghiém, tuy cé cac hon
déi chdt nhung ta thdy dudng cong la kha tron
va bién ddi déu.
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