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SUMMARY

In the paper the calculation of density of molecular vibrational states has been performed by
Laplace transformation approach, i.e reduced to the evaluation of inverse Laplace transform of
partition function by the aid of saddle point approximation method: The exponential of
intergrand in inverse Laplace integral is presented in Taylor series, in which at the saddle point
the first derivative vanishes, then, the density of vibrational states [ the inverse Laplace
transform is integrated through the steepest descent which is in imaginary direction having the
saddle point as abscissa on the real axis. Finally, this process of treament give the expression of
density of vibrational states containing terms of from first up to fifth orders of accuracy, which

have been easily calculated on computer.

- MO PAU

Trong viéc nghién ctu dong hoc clia phan
tng don phan ti khi tinh cdc dai luong dong hoc
clia phan dng viéc tinh s6 trang thai va mat do
trang thai luong t&r dao dong clia cdc phan tu
dong vai tro rat quan trong. Tur truGe t6i nay da
c6 nhiéu phuong phdp ra doi nham giai quyét
viéc tinh s6 trang thai va mat do trang thai cla
cdc phan tir phan tng va phic hoat dong:
Phuong phap dém truc ti€p; Phuong phap
Whitten — Rabinovitch; Phuong phdp bién doi
Laplace kém theo phép gin ding diém yén
ngua. Tuy vay, cdc cong trinh nghién cdu st
dung phuo‘ng phap bién doi Laplace — phép gin
ding diém yén ngua [1 - 4] dé tinh mat do trang
thai cua cdc hé phan ti, chi dimg lai & do chinh
xac bac hai.

Trong bai bdo nay ching t6i da phat trién
cach trinh bay cua Eyring H, Lin S. H., Lin S.
M. [1] dé nhan cic két qua chinh x4c cao té6i
phep gan ddng bac 5, 6, [1 cua phep gan ding
diém yén ngua, va sau d6 dp dung vao viéc tinh
sO trang thai va mat do trang thai ctia hé phan
ting dong phan hoa 1,1-dicloxiclopropan.

H NOI DUNG CUA PHUONG PHAP BIEN
DOI LAPLACE VA PHEP GAN BPUNG DIEM
YEN NGUA
A. Mat do trang thai luong tir dao dong nhu

anh Laplace nguoc cua tong thong ké
dao dong
Téng théng ké d6i véi dao dong tir diéu hoa
ctia hé ¢6 dang:
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QP =Y e™ = e WENKE,

trong d6, E, 1a mic nang lugng thidp nhat va
W(E) 1a mat do trang thai cta hé. V€ phuong
dién todn hoc, tich phan trong (1) c6 dang cua
mot tich phan Laplace va, nhu vay, tong thong
ké Q(P) 1a anh Laplace clia ham s6 thuc W(E).
Mat do trang thdi thoa man céc diéu kién:

W >0, éim W(E)e™*® =0 (a.>0)
—>0
(2)
Tur (1) va (2) ching ta dua dén céc tinh chat:
(1) Néu B 1a s6 thuc thi tich phan (1) 12 hoi
tu doi véi B> 0 va Q(B) c6 gid tri hitu han. Néu
B 1a s6 phiic, thi diéu khéng dinh trén la phi hop
d6i v6i Re > 0 (Ref 1a gid tri phan thuc cua
B).
(2) Bai v6i B > 0 ta co:
o%In
—ZQ >0.
P
(3) Cong thic dao lai cha (1) biéu thi mat do
trang thai W(E) qua téng thong ké Q(B) c¢6 dang

3)

Bl+ioo

WE) = [QE)edp= -
B —ioo

(xem [4] trang 119 hodc [3] trang 122):

W(E) =5 [ Q(P) e @

Trong d6 duong lay tich phan C bao goém
duong thang huéng lén trén song song véi truc
ao Ref = B’ = const va nira dudng tron ban kinh
R = o bao quanh nita mit phiang phia trdi clia
dudng thang néi trén (khi Q(B) c6 ky di B véi
Rep < B’) hoic bao quanh nita mat phing phia
phdi clia duong thang néi trén (khi Q(B) c6 ky di
B v6i ReP > B’. Tich phan (4) dugc goi la tich
phan Laplace ngugc va ham W(E) bay gio duoc
coi la anh Laplace ngugc cuia tong thong ké
Q(B)-Q(B) (xem (23)) ¢6 ky di tai p = 0 nen p’ >
0 va nira dudng tron ban kinh R = o0 bao quanh
nira mit phang phia trdi dudng thang Rep = B,
ma do tinh chat (2) phan tich phan theo ntra
duong tron nay phai bing khong. Viéc lay tich
phan Laplace ngugc bay gio c6 thé chi thuc hién
theo mot dudong thang tuy y song song véi truc
ao:

1 B +ioo
— [Q()e"dp, 5)
2

Bv—ioo

W(E) =

hoic ¢6 thé viét lai thanh:

; TQ(B' +ip) eI = +fexp[f (D)8 (©)
T 2m ¥,

Trong d6 chiing ta da st dung mdi lién hé B = 8’ + if’’va ham f(B) dugc dinh nghia bdi phuong trinh:

f(B)=InQ(R) +BE=InQ +iB)+(B +ip )E.

Bay gio ta thdo luan viéc tinh tich phan (6)
cho hé dao dong tir di€u hoa st dung phép gin
ding diém yén ngua hay phép gin ding dudng
doc nhat.

B. Phép gan diing diém yén ngua

Néu f(B) = u + iv thi ta ¢6 thé hy vong ring
phan 16n nhiing dong gbp vao tich phan (6) la do
cac doan ctia chu tuyén ma & d6 u c6 gid tri 16n
mang lai. Noi dung clia phuong phép diém yén
ngua 1a lam bién dang chu tuyén C sao cho mién
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gid tri 16n ctia u bi nén lai thanh mot mién hep hét
miic ¢6 thé lam duoc. Cu thé 12 ta lam bién dang
chu tuyén dé trén mat u(f’,p’’) tai diém yén ngua
3, n6 di vao céc thung ling 1am gia tri ham u giam
rat nhanh thi day la dudng doc nhat va mién lan
can gan cta diém yén ngua [3, s& 1a mién u 16n da
bi nén hep lai. Phan déng gép chu yéu vao tich
phan (6) do mién nay mang lai.

Ta hay khai trién ham f(B) tai lan can diém
B’ theo huéng truc 4o dé c6 biéu thic:



f(B):an(ﬁ')w'E{E{a'”Q] }(iﬁ ii[an'”nQJ @Y. o
B oy pp

7N |

2
Néu ham f(B’) ¢6 cuc tiéu [(alan) > 0} tai diém B" = (B,0) dugc xac dinh béi diéu kién:
P

f(B)=0 hay anQ) __g 8)
B o
thi day chinh 12 diém yén ngua trén mat phang phitc. Bi vi £°(B") 12 dai luong thuc, nén s6 hang thit
hai, s6 hang 16n nhét trong khai trién (7) v6i ip”” = se'® c6 thé viét thanh:

l(azszj (iB"):+Ef"(B*)32ei2¢=+£f"([3*)52(c052¢+isin24)). ©)
B p=p 2 2

Khi d6 dé cho ham f(B) tir diém yén ngua B~ = (B",0) thut gidm nhanh nht, di vao thung

liing, tic 1a trd thanh dudng doc nhat thi phai c6 diéu kién cos2¢ = -1 hay 2¢ = +n va ¢ = J_rz . Tu

cac ly 1€ vira néi ta rdt ra két luan l1a dudng déc nhat ctia ham f(B) phai huéng theo truc ao, theo
huéng nay phan 4o clia ham f(B) hdu nhu khong déi vi sin 2¢ = sin & = 0, do d6 thira s6 €' trong
ham duéi ddu tich phan cha (6) s€ khong sinh ra nhiing dao dong c6 hai.

Chon B’ dé c6 gi4 tri 1a diém yén ngua B’ cho boi phuong trinh (8) ta nhan dugc:

1(o%In & 0" In R
F(B) = Q) +BE+ ( QJ Lpeheyt ( Qj )" (10)
aB n:3 B:B*
bat phuong trinh (10) vao phuong trinh (6) ching ta nhan duoc:
Q(B ) FE [az |nQJ 2) &1 (a” InQ] T
W(E)=—""¢ exp| — B ]+ — - @ip)" [dp. (11
-[ op’ ( ) nz;n! B )y
DPua vao ky hi¢u
b, _1[ahQ , (12)
Nty o J
ta c6 thé viét (11) thanh:
W(E) =—Q§B ) gre jdﬁ"e*bzﬁ"ziBnB"”, (13)
T —0 n=0

¢ 44 L "n 2 PP
trong d6, B, 14 hé s6 ding trude 3 trong bi€u thiic tich sau:

ﬁ[eXp[bk(iB")k]:iBan (14)

Biéng céch nhan truc ti€p cac thira s6 (trong chudi luy thira Taylor) ¢ v€ trai ctia phuong trinh
(14) ta c6 thé dé& dang x4c dinh dugc gi4 tri clia cdc hé s6 B,. Cu thé 1a sau khi bo di cdc hé s6 tng
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vé6i cdc gid tri 4o, ta x4c dinh dugc cdc hé s6 ddu tién trong tdng clia phuong trinh (14) 1a:
B,=1 B,=0 B,=b, B, =—(b6 +£b32],..., By = . (—1)k[w] (15)
2 i (1)-(329-(sh--
V6i i, j thoa man diéu kién:
g+, +..=2K. (16)
S6 hang thit nhat ctia phuong trinh (13) tuong ting véi bac thip nhat cta phép gan ding (véi B, =1,
B OB"O =1) sau khi thuc hién phép 1ay tich phan thu dugc két qua:

Wl(E):%B*)eﬁ*ETe—bzg--de.-:Lmeﬁ*E\/bE: Q") e* —. (17)

T c 2n 2 5
B )y

Tat ca cdc gid tri cta tich phan (13) tuong tng véi cdc gid tri 1€ cua n (tit ca cac hé s6 & gid
tri 4o (i87111)") s& bién mat khoi cdc t6 hop 1é cia ham duéi dau tich phan (13) (vi ham du6i d4u tich
phan 1a ham 1é, nén khi tich phan tir -co dé€n +co thi ham s€ triét tiéu). Thuc hién cac phép 1dy tich
phan trong (13) va dat lai ky hiéu cho phép téng chiing ta di dén:

W(E) - %li) eﬁ*{i BZk1.3.5...2(k2k_1) /b;'t‘*l . \/bE } "~

trong do, ta da dung hé thuc:

1.35..(2k -1)
2k b2k+1 :
2

B pe - (19

Phuong trinh (18) ¢6 thé viét lai thanh:

= g, 135.(2k-1) (2K)!(@*InQY "
W(E)—Wl(E)|:1+;sz- 2kb'2( } W(E)l kZ;‘ng ok k'( aBZ jﬁ_ﬁ* (20)

hoic béng:

| | 1 ] ]
W(E):wl(E){1+BZ+B4 41 6! 1 8l 1 01 1 121 1 }

+ + + + +
222122p,2 °2%312%h,3 L 2%412%p,t 0 2%5125p,° 2 256128h,°

Sau khi dat cdc gia tri ctia B, da cho béi (15) vao biéu thiic ctia W(E) chiing ta nhan dugc:

41 1 6! 1 8! 1 0! 1 121 1 }

W(E)=W,(E)|1+B, +B . +B + +B +B +
! 22 1920,2 P 3312%p,3 P 2tar2tp,t 0 255125h,° 2 286120h,0

:Wl(E){l{s b, 15b 10395bs* 10395b,° 945b,’ b4J+£5[b_42+2 bsbs _ 99 by, s _gb_szJ

4p,? 16b,° 1536 p,° 384 E_H b,® b, b 2 b 2b]

D B . ‘ 11372 111478 —2 2y =
4b, 81 bp 2 b2 A Y |o2 b 9b, b,
21
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strdung ky hiéu 6," INQ =" InQ/6p" cho biéu thic (12) cua b, chiing ta nhan dugc:

e %'IhQ 5 (B '”Q)z 385 (B '”Q) 385 (%4 '”Q)3 35 (aﬁs'”Q)2(5ﬁ4'”Q)
+| = + -—
( zan)Z 24( zan)3 1152( zan) 3072 (a zan)6 32 (8B2InQ)6

+105[1( 2,4 InQf i( 3|nQXaS|nQ) 11( £ nQJo, nQfo,fma) 1 (6B5InQ)2]+945{ 1 (0,°maf

32 36( zan) 45 ( zan) "60 ( zan) ﬁ( zan)5 32 | 32400 (8B2|nQ)6

2 o) 1 byfmofone)  u bPmale me) 1 f*inoflyine) ®p“nQﬁw’qu

W(E) = W, (B)

_2835(aﬁz|nQ)3 540 (8BZInQ)5 18900 (zan) 270 (zmQ) 945 (aﬁzan)F’

64 | 5670 (4 2, ~F 34020 2. ~F 15120 2, F 56700 (- 2
oy <) (o520 loy2 <) loy?nf

(22)

Day Ia chudi hoi tu va 1a phuong trinh dung dé tinh mat do trang thai W(E) véi do chinh x4c
tGi bac 5 cua phép gan ding, ta sé thu dugc do chinh x4c bac hai ctia phép gin ding, néu giam di
cac s6 hang bac 3, bac 4 va bac 5.

11l - AP DUNG
Bay gio ta hdy st dung phuong trinh (22) dé tinh mat do trang thai W(E) ctia h¢ 1,1 —

dicloxiclopropan ¢6 3*N—-6=3*9-6=21 bac tu do dao dong. Téng thong ké dao dong clia hé
nay duoc tinh theo cong thic tuong tu (5)

s exp(—é hviB)

Q) = (23)
I] 1- @m(hvBD
trong d6 v; la tan s6 dao dong cua dao dong tir thit i.
L4y dao ham cdac cap cia InQ(B) theo B chiing ta nhan dugc:
oInQ(B) _ ZS: —lhv- 3 hv, 02 InQ(B) Z ehvib
B Fl 2" -y P @“ﬁ -1)?

(24)

0

oo |nQ([3) hv;B 0 e2hvip 0 3hvi 10 edhvip

5[310 z W—SlO(hv,) m+18150(h\/|) m—186480(hvl) M
eShv,B eGhv,B e7hv|[3
+834120(hv; )™ I —1905120(hv;)*° Ty +2081520(hvi)10m
8hv;f 9hv;
10 € 10 e

(25)

Tén s6 dao dong ctia hé 1,1 — dicloxiclopropan dugc xdc dinh tir thuc nghiém quang phé la:
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\Ti (cm™)= 3106, 3096, 3048, 3022, 1454, 1409, 1292, 1238, 1164, 1130, 1037, 952, 874, 852,

772,717, 500, 443, 404, 300, 272.

Dé tinh mat do trang théi luong tir va so trang thdi luong tlr & cac gia tri nang luong tic thi
E, khdc nhau ching t6i da sitr dung ngon ngit l1ap trinh Pascal, trong dé dé xac dinh duogc gid tri clia
B thi chiing toi da sir dung thuat todn Budc ldp gidm ddn (xem [6]). Két qua thu dugc cé gia tri duoc

ké trong bang:

Ev, kcal/mol N(E) W(E) WI1(E)
55.52 5.517449E+0007 2.895339E+0007 4.793231E+0005
57.52 1.008756E+0008 4.959775E+0007 1.223184E+0006
59.52 1.801491E+0008 8.344391E+0007 2.957312E+0006
61.52 3.156224E+0008 1.383536E+0008 6.820849E+0006
63.52 5.444046E+0008 2.267116E+0008 1.509128E+0007
65.52 9.271128E+0008 3.679977E+0008 3.217627E+0007
67.52 1.562418E+0009 5.928063E+0008 6.636054E+0007
69.52 2.610382E+0009 9.491004E+0008 1.328105E+0008
71.52 4.329701E+0009 1.511896E+0009 2.586321E+0008
73.52 7.136741E+0009 2.398166E+0009 4.912172E+0008
75.52 1.169847E+0010 3.789608E+0009 9.117704E+0008
77.52 1.907754E+0010 5.967191E+0009 1.656867E+0009
79.52 3.095704E+0010 9.363134E+0009 2.952277E+0009
81.52 4.998543E+0010 1.463849E+0010 5.165282E+0009
83.52 8.030162E+0010 2.279802E+0010 8.884498E-+0009
85.52 1.283270E+0011 3.535877E+0010 1.504016E+0010
87.52 2.039501E+0011 5.459570E+0010 2.508324E+0010
89.52 3.222819E+0011 8.389627E+0010 4.124918E+0010
91.52 5.062382E+0011 1.282688E+0011 6.694232E+0010
93.52 7.903012E+0011 1.950648E+001 1 1.072905E+001 1
95.52 1.225962E+0012 2.949994E+0011 1.699382E-+001 1

Nhiing két qua thu dugc nay s& dugc dp
dung vao viéc tinh hang s6 toc do cuia phan ting
don phan tlr, ma ching t6i s€ trinh bay trong
bai bdo sau, khi d6 sé thu duoc dang diéu do
thi (dudng cong biéu dién su phu thudc cia In
(kyn/k) vao InP) phu hop véi thuc nghiém va
s€ dugc so sanh v6i gid tri cua thuc nghiém
tuong tng trén do thi.
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