
1P009 

CCCF!"#$%&'()*+$ 
 

,-./01234*, 56789**:;<=>*, ?<<@**, ABCD** 

 
 

EFGHIJKLMNOPQRSTUVW!"#$XCnX (X = H, N, OYZ)[X\%]^J_

`a`bcdefghiJjkRSlmgTnXopqrs%tuvwxyJzTSlmg{

h%TnX|}YUVW!"#$%~�c��g����%��s�Y.�JX���c��

Slmg{���X�VMNOPQRST CnCl!"#$O[X1982�c��p��O CCl%

&'()*+$Jt�RST[1]{�TX�� CCCl, CCCCl, C4Cl%&'��J�����Q 

¡¢*£p��0,FTMW:Ot�RSXhSw%�N¤¥J¦§RST [2!4]{¨©X�ª

VMNOPQRST CnF!"#$c«ml[XCF%()*+$J��p¬®��YZOt

�RSlmgJ[5, 6]XCnF(n " 2)c«ml[XhS�O¯°�Yt��[Ym{ 

CnX[�N±s�c²xyJzTSlmg{¨³�c CnH[X´µ¤¥J�¶§O·gJX

HI%¸VMN¹ºmo~»¼½¹z«¾VOPQfgiX¿À¤¥J�¶§iYghiJÁ

ÂRSlmg{���XCCCl, CCCCl, C4Cl[¯°�c²X-Ã�c²¿À¤¥J�¶§O·

ghiJjkRSlmg[2!4]{Ä.�O[ FTMW ��ÅcÆÇXCCCF%&'()*+$¹

Ènlt�ÉXÊËÌÍ%�N¤¥cxfgÎÏ¹ÐT{ 

E¯°GC2H2 0.1 % / CF4 0.1 % ¹ NeOÑnTÒ9

Ó(¹ÔmXÕ$(Öo¹×hfhiOØÙÚ"

Ûª+bc CCCF¹ÜÝÉT{ÖooÞ[ 2000VX

ßÛàá�â%Þ�[ 1.8×10!5 TorrJ�ãäåO

·æT{  

Eçèi�éG9.1 GHz vw 27.3 GHz �O%��

O�§¹�æTihêXCCCF% N = 1!0vw N = 

3!2�O%&'��Jt�RST{ë 1cCCCF %

N = 1!0%&'()*+$¹ìf{ëcìÉTÆí

cîï¤¥XðñØîï¤¥¹òóc�ôÉlt

�ÉT{t�RST&'��Jól 2
!" %()*

+$Õõ�à¹ìÉlmThivwXöcìÉT

2
!"%÷�$+øùà¹Ôml�úûü�é¹�æ

T{ 

2 4

eff eff eff effF z z
H B D b c I S#$ % & ' & ' &

,
N N N S I S  

ë 1 CCCF%&'()*+$ 



t�ÉT 12Ä%��c«ml�úûü�é¹

�æTihêX\%ýþ[ 24 kHzO·æT{

¦§ÉT�N§ÿ¹ 1cìf{(!à"&'

�#$Ô§ÿ[XØîï�#$Ô§ÿi%&l

vYÇúRY'iYæT{�TXCCCF %�N

¤¥¹Ï(²gTnc��½% ab initio /)

,RCCSD(T)/cc-pVQZ:¹�æT{ÐwST�¶§¤

¥¹ë 2cìf{ab initio/)cÆgi CCCF[ÊË

ÌÍO¿À¤¥¹iælmg{%*%Tnc ab initio

/)cÆÇÐwST�N§ÿ¹ 1 cXÊËÌÍi

oN+×ÌÍ%,-à./$�0$1�Àµ¹ë 3

cìf{ 

E23GÄ.�O¦§RST45N"45N�#$

Ô§ÿ[X!285! MHz OX6%'iYæT{hS[

CCCFJ ("!"#$O·ghi¹78Élmg{Ä.

�Ot�RST&'��J 2
!" %()*+$Õõ�

àO·æThi[Xºm Renner-Teller 9ècÆÇ )"

ÌÍ%:;J��X�N¤¥JÊËÌÍO¿À¤¥

¹iælmgTnO·gi2�wSg,ë 3:{h%ÆíYçè[<=÷£>àPQRSTU

VW!"#$O·gXCCCCl O²jkRSlmg[3]{�TX&'�écÆÇ¦§RST�N

§ÿ[XØîï¤¥§ÿ¹?nX��½% ab initio/)OÐwST@´µ¤¥O%'i@Ac

Æ^¨BÉ, 1:XCCCFJ¿À¤¥¹ighi¹CzÉlmg{ 

 

 

 

 

 

 

[1] Y. Endo, S. Saito, and E. Hirota, J. Mol. Spectrosc., 94, 199, (1982) 

[2] Y. Sumiyoshi, T. Ueno, and Y. Endo, J. Chem. Phys., 119, 1426, (2003) 

[3] T. Yoshikawa, Y. Sumiyoshi, and Y. Endo, J. Chem. Phys., 130, 094302, (2009) 

[4] Y. Sumiyoshi, K. Katoh, and Y. Endo, Chem. Phys. Lett, 414, 82, (2005) 

[5] S. Saito, Y. Endo, M. Takami, and E. Hirota, J. Chem. Phys. 78, 116 (1983) 

[6] K. Kawaguchi, C. Yamada, Y. Hamada, and E. Hirota, J. Mol. Spectrosc. 86, 136 (1981) 

Constants CCCF ab initio 

B     4555.8043(44)     4538.51 

  Deff           0.00332(29)         

"#eff"     !7.105(16)     

    bF, eff 368(19) 398 

 ceff !284.832(61) !289 
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