
2A14! ! ! !"#$%&'%()*+,-$./01)23045*,6789:
;<=>?@ABCD5EF$DG):

"#$%&' 1(') 2*+,-./ 1(01234 1(5678 1(9:;< 2(=>?@ 1 

 

ABCDEFGHIJKDLMNOPQRSTUVWD

LXYZH[\KFG]^_`aVbcdeMPf(F

GXghi`jbkl_mnoKJbWpqrXDLs

TM(tuvwxyHz{JU|}~PiX�n���

������r~���e�f�n)��o�dK�

UW��(��}PD��DL_a�FGH��VYZ

H�JKM(�}��X����)��oKkP�\UW

���vwxy_�f( ¡¢'£H[b¤¥_¦§J

kl_�¨l©ªnobW«¬(kX�J���X)

�®¯l§K(°±²³´µ¶·¸²¹�_º»�oK

JbW¼½M¾¿nH[ÀÁÂ�oU PhOH–ArnXÃ�

ÄÅÆÇÈÉÊË�ÌXÍTeÎÀ(ÌH[bpqra

ÏHÐÑÒrÓ�_!"Í�Ô"ÕrÖr�X×HÐÑÒ

rÓ�_Ø\KJbÙÚ*�nÛÜÍ�Ô"–OHzXÝ

HÐÑÒrÓ�_Í�§KJbÙÚ*ÞßàVbá�_

â�oKJb [1]W%`ãäåJklH(kX²æ·ç

Ñ`aMpqraÌXèéÑê�HÎ�ÀYZSëd

PJW�U(kXìpç²pÊírî_ïð�oUXM

n = 2X��e(n = 1X��HMïð�oP�\UW 

A��Cñ)�eM(PhOH–Arn ·¸²¹�Xpqra

òpó�·²XghôõS»ö§(��à�����

���rSIkP\UWu�ÙÚM(BOP ÷øùSy

JUú^÷øù�H[\Kûü§UW�U(ýþÿ�

Ñ�ÐÑÒr�X !"vwxyS#^$f¤¥VbU

%H(&'÷øùH®Vb !"()"LC*�SyJ

U [2]W*X+àM(kXu�ÙÚûüH[À,noU

X|ùSyJK(�-�Hz{�¤¥§UW 

AÍTCñ)�eMpqraÌXèéÑê�_.J��S/|§(pqra0ÏXh1M(

2íqr·¸²¹�X3|h1eÎbl4|§UW5\K(67Ó�89M2íqr��X!

Í�Ôh1:«(�U;Ó�X67+à<M=K 0 l§UW¼>H��à��

"LC–BOP/3-21GS?y*H[À¤¥�oU2íqr·¸²¹�X OH@ABàXÃ�`a

SâVWn = 1X��H"¼>×*(ÃC 1.8 psl 3.1 ps:«e OHBàùX.Dù�ýç_

EnobW§�§(kX�ýçM�Ã~PiXeÎÀ(BàùM0FH 3,400 cm!1:«HG

bW��(n = 2 X��"¼>H*(2 ps I^e OH BàùX.Dù�ýç_IkÀ(kXB

àùM 3,320 cm!1:«HJ�bWkXÍTM(ìpç²pÊírî_ n = 2X��HIkÀ(

n = 1X��HMïð�oPJlJK ¡L l�MVbW 

ÆÇD "cm!1* 

¼½! PhOH–Ar2XÃ��ôÆÇÈ

ÉÊË�ÌWÈÉÊËXNDùM

OH@AH®GVbW7 psOPHÐ

ÑÒrÓ�_ÛÜÍ�Ô"–OH 

···Ar*X89Hßà§(ÈÉÊËX

89_ 3467 cm!1Þ�ýçVbW 



! ¼QH(n = 2 X��HIdbìpç²pÊír

îXghSâVWpqraÏ 2.5 ps X��h1X

²óÊË��ÊçSEbl"¼QR*(>�XÐÑ

ÒrÓ�_ST§KJbá�_j�bW5\K(

·¸²¹�PBàèéÑê�_sU~HV�W�

o(ÐÑÒrÓ�½�_3|PÛÜÍ�ÔX89

ÞXYVbW��(n = 1 X��HMÐÑÒrÓ�

_+àèéÑê�SsU~HXKZI_Å[\](

3|P89HJ�bkl_e�PJW 

ñ)�H[À,noUìpç²pÊírîXÃ

�M^ 2 ps eÎÀ( _XÃ�²`�Ñ[ÀiQ

a]J"¼½bc*WkoM(u�ÙÚûüH[À

EdinoUX|ù_ _[Ài%�JU%c

l©ªnobWe[(ÍTXpqraÌèéÑê

�ÄÅ}¢ûü#^ÄÅ}H�JKôf5eÎbW 

[1] S. Ishiuchi, M. Sakai, Y. Tsuchida, A. Takeda, 

Y. Kawashima, O. Dopfer, K. M"ller-Dethlefs, M. Fujii, 

J. Chem. Phys. 127 (2007) 114307. 

[2] H. Iikura, T. Tsuneda, T. Yanai, K. Hirao, J. Chem. 

Phys. 115 (2001) 3540. 

¼Q! "g*pqra0ÏXýþÿ�Ñ#ÐÑÒr

·¸²¹�W>�XÐÑÒrÓ�_´µhX×HH

ÎÀ(!"Í�ÔXh1Sl\KJbW"R*Ìpqr

a�n 2.5 ps ÏX��Xh1WÐÑÒrÓ�_!"Í

�Ô�n[À3|PÛÜÍ�ÔX89Hßà§(

Ar–Ar!"_ 3Å�ei«VbWkXÏ(°±²�X

FjH[ÀwJHFkVbW 

¼>! (a)PhOH+–Ar X OH @ABàù

XÃ�`aW(b)PhOH+–Ar2X OH@A

BàùXÃ�`aWkonXlmnM(

ÃCXøùl§K,noU OH *�!

"HoøùSpdKý�qè`'Vb

klH[À,noUW¼rsXÃCMo

øùXt�·89SuVW¼5# M67

ÙÚXv^ Ar–C1–C4Su§(67ÃC

t = 0 M·¸²¹�_pqra§UÃC

lVbWNDùX�ýçSõïHVbU

%(ýþÿ�Ñ2íqr��X OH@A

Bàù 3,400 cm!1H0newS�dUW

(a)

(b)


