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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 fiom experiment as a function of 
temperature in the form k„=A^xp(-EJkT), 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 DAU 

Khi tinh loan hing sd td'e do phan ung dan 
phan lit theo ly thuye't RRKM thi ngoai eie kie'n 
thdc vi dac tinh phan tif chat phan ung ta cdn 
can cac kien thdc vi dac tfnh ciia trang thii 
chuyin tiip. Thdng thudng, cic trang thai 
chuyen tiip (hay phdc hoat ddng) ed thdi gian 
sdng khi ngan ngui, do vay di do dugc eie 
thdng sd ciia trang thii chuyen tie'p la khd khan 
va ddi khi vdi mdt sd he thi viee dd khdng the 
thuc hien dugc Trong he nhiet eac du lieu thuc 
nghiem vi sit phu thudc nhiet do cua hing sd 
tdc do phan dng don phan tu k cd mat trong 
cdng thdc Arrhenius quen thugc k = A.e^''" *' , 
vdi £„ duge ggi la nang lugng hoat hoa 
Arrhenius va A l i thdng sd khdng phu thudc 
nhiet do. Hang sd tdc do k la ham giam ciia ap 
suit, vi chi trong trudng hgp gidi han ap suit 
cao thi bieu thdc cua k mdi la he thdc ddc lap 
vdi i p suit [1, 2, 4]. 

k^=A„exp(-E„/lcT) (1) 
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He thdc nay thudng nhan duge bdi phep 
ngoai suy mdt each phii hgp cua cac dii lieu thuc 
nghiem. Vi d c ie i p suit hiiu han k <k^,a pha 
khi hing sd td'e do phin dng don phan tit co 
ding dieu di xud'ng (fall-off) ddi vdi ap suit, 
diiu nay rat ein luu tam trong khi so sinh giiia 
ly thuye't vdi thuc nghiem. 

Chdng ta chap nhan r ing phuang trinh (1) 
chda diy du thdng tin ein thie't cho viec kiem 
tra ly thuye't td'e do phan dng don phan tif, nghla 
la de tinh hing sd tdc do phan dng chi ddi hoi 
cie kie'n thdc vi dac tfnh phan tif cua cae chat 
phan dng ma khdng phai la cua trang thii 
chuyen tie'p. 

1. Tdc do d ap suat cao nhu la anh Laplace 

Ne'u gia thie't dugc thda nhan, nhu trong ly 
thuye't RRKM (Rice-Ramsperger-Kassel-
Marcus), thi phan tif se khdng phan ly neu 
khdng tfch luy ndi nang E> E^, trong dd £„ la 
nang lugng tdi han cho phan dng, va xac suat 
phan huy k(E) ehi la ham sd cua nang lugng. 



dae biet k(E)=0 ne'u £ < £„ [9 - 11]. Tu dd, 

^« = {^(E))i^, trong dd (...)^ la gia tri trung 

binh theo phan bd Boltzmann eua nang lugng, li 
dae trung cua nhiet do. Viet gii tri trung binh 
mgt each rd rang, chdng ta nhan dugc 

]k(E)N(E)e-'' "dE 

JN(E)e-
(2) 

'dE 

Trong dd N(E) li mat do trang thii (hay sd 
trang thai trong mdt dan vi nang lugng) ciia 
phan tu chat phan dng, miu sd eua phuang trinh 
(2) chinh la him tdng thd'ng ke Q, k^ biiu thi 
hing so td'e do eua phan ilng khi ip suit p—>co. 
Ham dudi diu tfch phan cua td sd trong phuong 
trinh (2) se bing khdng ddi vdi 0 < £ < £ „ . O 
ap suit hiiu han, k{E) trong phuang trinh (2) 
dugc gian udc bdi ll(l+k(E)IZp), trong dd Z li 
sd va eham vi p la ip suit [10], hing sd td'e do 
ciia phan dng bay gid li k. Nhu vay, ta cd the 
vie't lai phuong trinh (2) thanh 

1 
^^-^^ -N(E)e''"dE. (3) 

» 1 - H 
k(_E) 

Zp 

Chung ta gii thie't ring ta't ca cic thdng so 
phan tu cua chat phan dng (trir £„) eung nhu eac 
du lieu thuc nghiem nhiet cua phan dng trong 
pha khf diu da dugc bie't td eie thdng tin ddng 
hgc hoac phi ddng hgc. 

Td eac phuang trinh (1) vi (2) chung ta cd 
phuang trinh lien he giua ly thuye't va thuc 
nghiem eho k^ la 

]k(E)N(E)e-'' "dE = QA^e' (4) 

Bay gid chdng ta cd thi coi phep biin ddi 
phuang trinh (4) nhu la anh Laplace cua ham 
f(E) = k(E).N(E). Neu chdng ta gia thie't ring 
mdi lien he thuc nghiem (1) la chfnh xic va 
chfnh xae dd'i vdi mgi nhiet do, thi ehdng ta 
nhan duge f(E) nhu li ham eua nang lugng bdi 

phep biin ddi Laplace ngugc, vdi s=llkT la 
thdng sd cua phep bie'n ddi Laplace nguac [3, 5, 
7,8,12]. 

/ (£)=£'VG(^M«^''""/ (5) 

Trong dd ehdng ta vie't Q thinh Q(s) di biiu thi 
cho tdng thd'ng ke Q cung phu thudc vio i. 
Chdng ta cd £''{Q(s)} = N(E), nen ket qua cua 
phep bie'n ddi la (xem [12]) 

flE)=AJV(E-EJH(E-EJ (6) 

trong dd H(x) li him bac thang Heaviside 
dugc dinh nghia nhu sau: 

H(x)=0,x<0:H(x)=l,x>0 
va do vay 

k(E)\ N(E) (7) 
= 0 (E<E„) 

Nhu vay, phuang trinh (7) mac du la ddng 
vi phuong dien loan hgc nhung khdng td't hon 
gii thie't dugc dua vao trong viee xu ly phuang 
trinh (1) ne'u nd li chfnh xic tren loan bd 
khoang bie'n ddi nhiet do. Dac biet, phuang trinh 
(7) chua nhung sai sd cd huu cd trong ea hai dai 
lugng E„ va A„, rat may la cac ldi nay duge bd 
qua d mdt mdc do nao dd, bdi vl trong khi sai so 
trong £„ tic ddng de'n A„ gin nhu theo ham mu, 
nhung nd xuit hien trong N(E-EJ vdi luy thda 
cd bac xap xi n nhung theo chiiu ngugc lai 
(nhic lai ring gii tri cd dien N(E) ty le thuan 
vdi £", trong dd n ldn va thudng bang tdng sd 
bae tu do dao ddng trd mdt). Tuy vay, do E„ va 
A^ chi la gin dung, nen tuang tu nhu vay su phu 
thudc nang lugng cua k(E) dugc cho bdi phuang 
trinh (7) ciing chi la gin ddng. Phuang trinh (7) 
ndi ehung khdng duge ap dung neu gii thie't cua 
ly thuye't RRKM li khdng ddng [10], nhung 
ngugc lai nd chi dugc ip dung mgt each gin 
ddng niu gia thie't cua ly thuyit RRKM la ddng, 
bdi vl phuang trinh (7) da su dung cic thdng tin 
thue nghiem khdng hoan ehinh. 

2. Dang dieu d ap suat thap va ap sua't cao 

0 gin gidi han d ap suit cao, thi ham dudi 
da'u tfch phan cua phuang trinh (3) cd the dugc 
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khai triin thanh mgt luy thda nghich dao cua ap 
suit p 

Zp 

Cho nen phuang trinh (3) trd thanh: 

^=l:(-ir4T (9) 
fi=i p 

trong dd 

L„=£lk(E)]"N(E)]/QZ"-' (10) 

Sd hang thd nha't (/!=1) trong phuang trinh 
(9) la k^, va gidi han ap suat eao tuong dng 
vdi L, > >£,/p. 

O gan gidi han ip suit thip thi ham dudi 
da'u tfch phan cua phuang trinh (3) ed thi dugc 
khai triin thanh luy thda cua ap suit p 

^^(^^ = zpy(-v"^^ 
j_(Ei ^py '\k(E) 

Zp 
Cho nen phuong trinh (3) trd thanh: 

^ = ±(-irp"L_,, 
p 7i> 

(11) 

(12) 

Trong dd: 

-̂-̂ •"'{î f'e "" 

So hang thd nhat (/i=0) trong phuong trinh 
(12) la ka, hing sd td'e do d ip suit tha'p bac hai, 
va gidi han ap suit tha'p thi tuang dng vdi 
Lo»pL.,. 

3. Ap dung cho phan ufng dong phan hoa ciia 
1,1-dicloxicIopropan 

Trong md hinh cua ly thuyet RRKM, sd bac 
tu do dugc dua vao mat do N(E) la nhung bac tit 
do mi nd tham gia vao viec chuyen nang lugng 
ndi phan tu, nhung bac tu do niy li nhiing bac 
tu do dugc ggi la hoat hoi. Mgt gia thie't thudng 
xuyen dugc su dung la gia thie't cho rang nhttng 
bae tu do quay bao him xoin ngi la hoat hoa va 
chuyen ddng quay toan the gin true dd'i xdng 
(trong trudng hgp cd dinh nhgn dd'i xdng) la 
hoat hoa. Diem chu yeu la, mdt gia thie't ring 
N(E) eua nhiing trang thii nhu vay cd the dugc 
tinh toan mdt cieh tuang dd'i di dang td cac 
thdng sd cua phan tu nhu eae tan sd dao dgng, 
md men quin tfnh va cac thdng sd khac ma tat 
ea chdng diu sin ed tif cae thdng tin phi dgng 
hgc 

Cac kit qua nhan dugc td phuang trinh (7) 
va phuang trinh (3) duge minh hoa trong he 
dugc nghien cdu d day li qui trinh ddng phan 
hoa bang nhiet cua 1,1-dicloxiclopropan. Phan 
dng ddng phan hoa cua 1,1-dicloxiclopropan 
thanh 2,3-diclopropen da dugc nghien cdu bing 
thuc nghiem bdi Holbrook. K. A., Palmer. J. S. 
vi Parry. K. A. [9] d ip suit thap va d cic nhiet 
do khae nhau. 

Sa dd tdng quit md ta co che cua qui trinh 
ddng phan hoa nhu sau; 

CCI, 

CH, CH, 

Cl CCI 

\ / \ 
CH,- — - CH, 

-I- CCI 

CH,C1 \Vi2 

Cie tin sd dao ddng cua phan tu phan dng dugc xac dinh bing thue nghiem va ban 
kinh nghiem. Td cic tai lieu [9,10] ta cd tin sd dao ddng cua phan tit phan dng cd gia 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"') 
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Gid'ng nhu la dang dieu di xud'ng ciia k 
theo ap suit (dudng fall-off) chi duge quy dinh 
bdi su phu thude vao nang lugng cua k(E}, 
phep thu cua ly thuyit tdc do phan dng dan 
phan td la phu hgp td't trong he nhiet khi ngudi 
ta chi ra ring su phu thudc nang lugng tinh 
loan dugc ciia k(E) din de'n dudng di xud'ng 
quan sit dugc bing thuc nghiem. Trong trudng 
hgp nay, viee tfch phan bing sd ddi vdi £ da su 
dung k(E) cua phuong trinh (7) dat vao phuang 

trinh (3) va cic gia tri bien ddi cua ip suit p. 
Gii tri cua mat do trang thai d cic nang 
lugng £ va (£-£„) la N(E} vi N(E-EJ dugc 
tfnh bang cich ap dung phuang phip biin ddi 
Laplace va phep gin ddng diim yen ngua (xem 
[12]). 

Cic kit qua tinh toin dugc theo eac phuang 
phap khac nhau duoc ke trong bang dudi day 
[11]. 

LogP 

2 .000000 
3 .000000 
3 .301030 
3 .477121 
3 .602059 
3 .698970 
3 .778151 
3 .845098 
3 .903089 
3 .954242 
4 .000000 

Log (kuni/kvc) 
(Thuc n:^luem) 

-12.1000438793 
-12.0770981152 
-12.0753019540 
-12.0742652301 
-12.0736673810 
-12.0733916001 
-12.0731701109 
-12.0730245949 
-12.0729041130 
-12.0728285610 
-12.0727092395 

Log (kuni/kvc) 
(Tinh theo phuang phdp RRKM) 

- 1 . 210704559951854 5E-I-01 
-1 .2 07 66 9708 66 670 63E-^01 
-1 .2074102854732018E+01 
-1 .2074153322310219E+01 
- 1 . 2 0 7 3 5-8 935040871 9E + 01 
-1 .20734514 12402 638E-f01 
-1 .2073200112164070E+01 
- 1 . 2 0 7 3 0 2 954257401 lE-fOl 
- 1 .2072 919719702517E-f01 
- 1 . 2 0 7 2 7 2 9 5 52139195E-^01 
-1 .2072698724535219E-I-01 

Log (kuni/kvc) 
(Tinh theo phuong trinh (7j) 

-1 .2107044499408535E+01 
- 1 . 2077698087667061E+01 
-1 .2075101944834009E + 01 
-1 .2074165222410290E+01 
- 1 . 2 0 73 67 94 50 50 67 4 5E+01 
- 1 . 2073381593302 951E-f01 
-1 .207318010948618 lE+01 
-1.2073034672795618E-f 01 
- 1 . 2 0 7 2 92 472360074 2E-f 01 
- 1 . 2 0 7 2 83867132 734 3E-^01 
-1 .2072769481327722E-I-01 

Hinh 1 chi ra su so sanh cua nhifng kit qua 
thtfc nghiem vi nhung kit qua tfnh toin duge 
dd'i vdi he nay. Viec tfnh toin mat do trang thii 
dugc thuc hien khi sd dung phuong phap dudng 
dd'c nha't trong phep gin dung dao ddng tir dieu 

hoa, tinh phi diiu hoa dugc bd qua. Su phu hgp 
vdi thuc nghiem la hoan loan tdt, do cong cua 
dudng cong tfnh loan nay la ddng din, va cac du 
lieu tfnh dugc khdng qui xa khdi dudng thuc 
nghiem dge theo chiiu dii cua true ap suit. 

++t!-^ 
^ . .wa -w i ^ i f " " 

Thuc nghiem (•) 

Tinh theo pt {7} (#) 

Tinh theo PP RRKM (-) 

3 
iogP 

3,2 3,4 36 3,8 

Hinh 1: Su phu thudc cua log(kuni/kvc) vao logP cua phan dng ddng phan hoi 1,1-dieloxiclopropan 
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Viee xu ly cic ke't qua thuc nghiem nhd cd 
phuong trinh (7) cd the so sanh vdi phuang phip 
"truyin thd'ng" bing each: mgt ciu true trang 
thii chuyin tiip dugc tien de hoa trudc tien, cic 
thdng sd ciia nd dugc diiu chinh bing eieh lam 
khdp ehung vdi entropy hoat hoi. Qua hinh 1 
ehdng ta thay, dudng cong tfnh toan duge bing 
phuang trinh (7) khi trung khdp vdi cic du lieu 
thue nghiem, sU kien nay chdng thuc eho viec 
lam khdp dudng cong nhung khdng cin de'n ly 

thuye't RRKM. Tuy nhien, d gia tri ap suit eao 
thi su trung khdp cua dudng cong tinh toan dugc 
vdi cie du lieu thuc nghiem khdng hoan toan 
td't, dudng cong tfnh dugc theo phuang trinh (7) 
nam tha'p han so vdi dudng cong thtfc nghiem. 6 
gia tri ap suat cao han thi ding dieu cua dd thi 
khdng cdn la dudng di xudng nira va ciing 
khdng cd gia tri thuc nghiem de so sanh (xem 
hinh 2). 
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Hinh 2: Dang dieu a ip suit rat cao 
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