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ABSTRACT

The limiting high-pressure unimolecular rate constant k. in thermal systems can be
considered as the Laplace transform of the detailed rate constant, or specific dissociation
probability, k(E) (E = internal energy). If k. is known from experiment as a function of
temperature in the form ko=Axexp(-E/kT), K(E) can be obtained by inversion. Using one actual
examples, the inversion procedure is exploited to show that k. contains sufficient information for
a test of unimolecular rate theory that requires only the knowledge of the molecular properties of
the reactant but not those of the transition state. Since there are no parameters to adjust, this test,
in a thermal system, is therefore more significant than the more usual speculative curve-fitting.

I- MO PAU

Khi tinh todn hing s6 t6c do phan ing don
phan tir theo 1§ thuyé€t RRKM thi ngoai cac kién
thitc vé dac tinh phéan tir chat phan ing ta con
cin cdc kién thic vé dic tinh cla trang thai
chuyén ti€p. Théng thudng, céc trang thdi
chuyén ti€p (hay phic hoat dong) cé thai gian
song khd ngén ngli, do viy dé do dugc cic
théng s6 cla trang thdi chuyén tiép la khé khin
va d6i khi v6i mot s6 hé thi viéc dé khong thé
thuc hién dugc. Trong hé nhiét cic d liéu thuc
nghiém vé sy phu thuéc nhiét do cla hing s6
t6c do phdn (ng don phan to k ¢6 mat trong
cong thic Arrhenius quen thuoc k = e ™ *
voi E, dugc goi la nang lugng hoat hod
Arrhenius va A la théng s6 khong phu thugc
nhiét do. Hing s6 t6¢ d6 k 12 ham giam clia 4p
sudt, va chi trong trudng hop gidi han 4p suit
cao thi biéu thitc ciia k méi la hé thic doc lap
v6i dp suat [1, 2, 4].

k,=A,exp(—E, /kT) (1)
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Hé thic nay thuong nhan dugc boi phép
ngoai suy mot cdch phu hgp cla céc dit liéu thuc
nghiém. Vi & céc 4p suat hitu han k <k_, & pha
khi hang s6 t6c d6 phan tng don phan tir ¢6
dang diéu di xuéng (fall-off) d6i v4i ap suét,
diéu nay rat can luu tam trong khi so sénh gifta
1y thuyét véi thuc nghiem.

Ching ta chip nhan ring phuong trinh (1)
chita ddy du théong tin cdn thiét cho viéc kiém
tra 1y thuyét téc d6 phan tng don phan ti, nghia
1a d€ tinh hing s6 t6c do phin dng chi doi héi
cac kién thic vé dic tinh phan tir clia cdc chét
phin Ung ma khéng phai la cua trang thdi
chuyén ti€p.

L. TSc d6 & ap suit cao nhu I anh Laplace
Néu gia thiét dugc thira nhan, nhu trong 1y
thuyét RRKM (Rice-Ramsperger-Kassel-
Marcus), thi phan t& s& khong phin ly néu
khong tich lu§ n6i nang £ 2 E_, trong d6 E, Ia
ning luong t6i han cho phéan tng, va xdc suit
phan huy k(E) chi 12 ham s6 cla ning luong,



dic biét k(E)=0 néu E<E_ [9 - 11]. Tir dé,
k, = (k(E)>u’ trong dé (>n la gid trj trung
binh theo phan bé Boltzmann cia nang luong, 1a
dic trung cia nhiét d6. Viét gid tri trung binh
mot cach rd rang, ching ta nhan dugc

jk(E IN(E )" ¥'dE
k,=2— : @)
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0

Trong dé N(E) la mat d6 trang thdi (hay s&
trang thdi trong mot don vi nang lugng) cha
phén tr chat phan dng, miu s6 cha phuong trinh
(2) chinh 1a ham téng théng ké Q, k. biéu thi
hing s6 t6c do cla phan ing khi 4p suat p—co.
Ham dudi dau tich phéan cla tir s6 trong phuong
trinh (2) s& bang khong d6i véi 0< E<E . 0
dp sudt hitu han, k(E) trong phuong trinh (2)
dugce gian ude bai 1/(1+k(E)/Zp), trong d6 Z 1a
s6 va cham va p 12 4p suat [10], héng s6 t6c do
cta phén tng bay gid la k. Nhu vay, ta c6 thé
viét lai phuong trinh (2) thanh

1% k(E) T
k=— |——<—N(E dE. (3
ol ke MEx “
Zp

Chiing ta gia thiét rang tat ca céc théng so
phén tir clia chat phan tng (trir £) cling nhu céc
dit lieu thuc nghiém nhiét cta phan tng trong
pha khi déu da dugc biét tir cdc thong tin dong
hoc hodc phi dong hoc.

Tur cdc phuong trinh (1) va (2) ching ta c6
phuong trinh lién hé gita 1y thuyét va thuc
nghiém cho k_ 12

[k E)NCE)e dE = 0ae™ ¥ @)
0

Biy gi ching ta c6 thé coi phép bién déi
phuong trinh (4) nhu la anh Laplace cua ham
f(E) = k(E).N(E). Néu chiing ta gia thiét rang
m6i lien hé thuc nghiém (1) [a chinh xdc va
chinh xdc d8i vé1 moi nhiét do, thi ching ta
nhan duge f{E) nhu 12 ham cta nang lugng bdi

phép bién déi Laplace ngugc, v6i s=I/kT la
thong s6 cia phép bién déi Laplace nguge [3, 5,
7,8, 12].
RE=£'{Q(s)Ae*=") (5
Trong dé chiing ta viét Q thanh Q(s) dé biéu thi
cho téng théng ké Q ciing phu thusc vao s.
Ching ta c6 £/{Q(s)} = N(E), nén két qua cla
phép bi€n déi 1a (xem [12])
AEI=AN(E-EJH(E-E ) 6)
trong dé H(x) la ham bac thang Heaviside
dugc dinh nghia nhu sau:
H(x)=0, x<0; H(x)=1, x>0

va do vay
:A,AN(E-Ew) (E>E,)
k(E) N(E) )
=90 (E<E.)

Nhu vay, phuong trinh (7) médc du 1a ding
vé phuong dién todn hoc nhung khong t6t hon
gia thiét dugc dua vao trong viéc xu 1y phuong
trinh (1) néu né la chinh xdc trén toan bo
khoang bién ddi nhiét do. Pac biét, phuong trinh
(7) chita nhitng sai s6 ¢& hifu c6 trong ca hai dai
lugng E., va A, rat may la cdc 16i nay dugc bo
qua & mot mifc dé nao do, bdi vi trong khi sai s6
trong E., tac dong dén A, gan nhu theo ham mi,
nhung né xuét hién trong N(E-E.) véi luy thira
c6 bac xd4p xi n nhung theo chiéu ngugc lai
(nhic lai ring gid tri c6 dién N(E) ty ¢ thuan
véi E', trong d6 n 16n va thudng bing téng s6
bac tu do dao dong trir mot). Tuy vay, do F, va
A chi 12 gin ding, nén tuong tu nhu vay su phu
thuoc nang lugng cua k(E) duge cho bdi phuong
trinh (7) ciing chi 12 gan ding. Phuong trinh (7)
n6i chung khong dugc dp dung néu gia thiét coa
ly thuyét RRKM la khong ding [10], nhung
nguoc lai né chi duge 4p dung mot cich gin
diing né€u gia thiét cha ly thuy&ét RRKM 12 ding,
bdi vi phuong trinh (7) da sir dung céc thong tin
thuc nghiém khong hoan chinh.

2. Dang diéu & 4p suit thap va ap suit cao
O g4n giéi han & p sudt cao, thi ham dudi
déu tich phan cla phuong trinh (3) ¢6 thé duge
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khai trién thanh mot luy thita nghich dao cia 4p
sudt p

k(E) 2 KE)Y
— =L _=7pS 1) ==L (8)
T KE) pg( ) [Zp
Zp
Cho nén phuong trinh (3) trd thanh:
z 1+ L
k=% (1" = ©)
n=l p

trong dé
L, =£{k(E)Y NCE)}/ 0z
S6 hang thit nhat (n=1) trong phuong trinh

(9) 1a k., va gi6i han dp suat cao tuong ing
vGi L, >>L,/p.

(10)

v O gin gi6i han 4p suat thap thi ham dudi
ddu tich phan cha phuong trinh (3) cé thé dugc
khai trién thanh lu§ thita clia 4p sudt p

k(E) d ( zp Y
——— =7 -1 — 11
T KE) p,;,( ) [k(E) (1
Zp
Cho nén phuong trinh (3) trg thanh:
k 0
_=Z(_l)nan_” (12)
p n=0 .
Trong dé:

L_n=Z"*'£{ N(E) }/Q (13)

S6 hang thit nhit (n=0) trong phuong trinh
(12) 12 ko, hang s6 t6c do & 4p suat thdp bac hai,
va gidt han 4p suat thap thi tuong ing vdi
Ly>>pL,;.

3. Ap dung cho phan ting déng phan hoa cia
1,1-dicloxiclopropan

Trong mo hinh cua ly thuy&t RRKM, s6 bic
tu do dugc dua vao mat 4o N(E) 1a nhitng bac w
do ma né tham gia vio viéc chuyén nang luogng
ndi phan tu, nhitng bac tu do nay la nhiing bac
tu do dugc goi 1a hoat hod. Mot gia thiét thudng
xuyén dugc sir dung 12 gia thiét cho ring nhing
bac tu do quay bao hdm xoan noi 12 hoat hod va
chuyén déng quay toan thé gin truc doi xing
(trong trudng hgp c¢é dinh nhon dd&i ximg) la
hoat hod. Diém cht yéu la, mot gia thiét rang
N(E) cha nhiing trang théi nhu vay cé thé duoc
tinh todn mot cdch tuong doi dé dang tir cic
thong s6 cua phan tir nhu cdc tan s6 dao dong,
moé men qudn tinh va cdc thong s6 khdc ma tat
ca ching déu sdn ¢6 tir cdc thong tin phi dong
hoc.

Cac két qua nhan duge tir phuong trinh (7)
va phuong trinh (3) dugc minh hoa trong hé
dugc nghién citu & day 1a qud trinh dong phan
hod bang nhiét cta 1,1-dicloxiclopropan. Phin
ng dong phan hod cha 1,1-dicloxiclopropan
thanh 2,3-diclopropen di dugc nghién citu bang
thuc nghiém boi Holbrook. K. A., Palmer. J. S.
va Parry. K. A. [9] & 4p sudt thdp va & cic nhiét
dé khic nhau.

So dé t6ng quat mo ta co ché ciia qud trinh

‘[k(E)]" déng phan hod nhu sau:
/CCI\Z o ca |7 /CCI
. o
it CH: \CF(‘“\CHZ CHyCl \CHZ

Cz_ic tan s6 dao dong ciia phéan tir phin ng dugc xdc dinh bing thuc nghiém va ban
kinh nghiém. Tu céc tai lieu [9,10] ta ¢6 tdn s6 dao dong clia phan ti phan tng c6 gid tri nhu

sau:

vV =

3106, 3096, 3048, 3022, 1454, 1409, 1292, 1238, 1164, 1130, 1037,

952, 874, 852,772, 717, 500, 443, 404, 300, 272 (em™)
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Gidng nhu 12 dang diéu di xudng cua k
theo ap suat (dudng fall-off) chi duoc quy dinh
boi su phu thuéc vao nang lugng cha k(E),
phép thir cha 1y thuyét t6c do phan tng don
phan tir 1a phi hop 6t trong hé nhiét khi ngudi
ta chi ra rdng su phu thudc nang lugng tinh
todn duoc cua k(E) dan dén dudng di xuéng
quan sat dugc bang thuc nghiém. Trong trudng
hop nay, viéc tich phan bang s6 déi véi E di sir
dung k(E) clia phuong trinh (7) dat vao phuong

trinh (3) va cdc gid tri bi€n d6i cla 4p suat p.
Gid tri cia mat do trang thidi & cac nang
lugng E va (E-E.) la N(E) va N(E-E.)} duoc
tinh bang cach 4p dung phwong phép bién déi
Laplace va phép gan diing diém yén ngya (xem
[12]).

Cac két qua tinh todn duoc theo cac phuong
phdp khdc nhau dugc ké trong bang dudi day
[11].

Log P Log (kuni/kvc) Log (kuni/kvc) Log (kuni/kvc)
(Thuee nghiém) (Tinh theo plicong phdp RRKM) (Tinh theo phiong trinh (7))
2.000000 -12.1000438793 -1.2107045599518545E+01 -1.2107044499408536E+01
3.000000 -12.0770981152 -1.2076697086667063E+01 -1.2077698087667061E+01
3.301030 -12.0753019540 -1.2074102854732018E+01 ~1.2075101944834009E+01
3.477121 -12.0742652301 -1.2074153322310219E+01 -1.2074165222410290E+01
3.602059 -12.0736673810 -1.2073589350408719E+01 -1.2073679450506745E+01
3.698970 -12.0733916001 -1.2073451412402638E+01 -1.2073381593302951E+01
3.778151 -12.0731701109 -1.2073200112164070E+01 -1.2073180109486181E+01
3.845098 -12.0730245949 -1.2073029542574011E+01 -1.2073034672795618E+01
3.903089 -12.0729041130 -1.2072919719702517E+01 -1.2072924723600742E+01
3.954242 -12.0728285610 -1.2072729552139195E+01 -1.2072838671327343E+01
4.000000 -12.0727092395 -1.2072698724535219E+01 -1.2072769481327722E+01

Hinh 1 chi ra su so sénh cta nhiing két qua
thuc nghiém va nhitng két qua tinh todn dugc
doi v6i hé nay. Viéc tinh todn mat do trang théi
dugc thuc hién khi st dung phuong phap dudng
déc nhat trong phép gan diing dao dong tir diéu

hoa, tinh phi diéu hoa dugc bo qua. Sy phd hop
voi thuc nghiém la hoan toan t6t, do cong cua
duding cong tinh toan nay la ding déan, va cac dir
lieu tinh dugc khong qud xa khoi dudng thuc
nghiém doc theo chiéu dai cuia truc 4p suat.
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Hinh 1: Su phu thuoc cha log(kuni/kve) vao logP clia phin ting déng phan hod 1,1-dicloxiclopropan
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Viéc xit 1y cdc két qua thuc nghiém nhd ¢6
phuong trinh (7) ¢6 thé so sanh véi phuong phép
“truyén thong” bang cdch: mot cdu tric trang
théi chuyen uep duoc tién dé hod trudc tién, cic
thong s6 clia né dugc diéu chinh bang cdch lam
khép chiing véi entropy hoat hod. Qua hinh 1
chiing ta thdy, dudng cong tinh todn dugc bang
phuong trinh (7) khé tring khép véi cac dit liéu
thue nghiém, sy kién nay chiing thuc cho viéc
lam khép dudng cong nhung khong cén dén ly

thuyét RRKM. Tuy nhién, & gia tri 4p sual cao
thi su tring khép cla dudng cong tinh todn duge
v6i cac dit lieu thuc nghiém khong hoan toan
t6t, dudng cong tinh dugc theo phuong trinh (7)
ndm thap hon so véi dudng cong thyc nghiém. §
gid trj 4p sudt cao hon thi ddng digu cla do thi
khong con la duong di xudng nifa va ciing
khong c¢6 gia tri thyc nghiém dé€ so sanh (xem
hinh 2).

Inkunikve
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Hinh 2: Dang diéu & ap sudt rat cao
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