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ÕªÒª ÔÚ´®¼¶·ÉÐÐÊ±¼äÖÊÆ×ÒÇÉÏÓÃ 532nm ¼¤¹â½¦ÉäÌ¼/Á×»ìºÏÑùÆ·,ËùµÃÍÅ´Ø·ÖÎªÁ½Àà:Ì¼/Á×¶þÔªÍÅ´ØÀë

×ÓºÍ´¿Ì¼ÍÅ´ØÀë×Ó.´¿Ì¼ÍÅ´ØÀë×ÓµÄÏà¶ÔÇ¿¶ÈËæÑùÆ·ÖÐÁ×º¬Á¿µÄÔö¼Ó¶ø±äÇ¿,ËµÃ÷Á×¶Ô´¿Ì¼ÍÅ´ØÀë×ÓµÄÐÎ

³É¾ßÓÐÖØÒª×÷ÓÃ.¶øÔÚËùÐÎ³ÉµÄÌ¼/Á×¶þÔªÍÅ´ØÖÐ,ÕýÀë×ÓÖ÷ÒªÓÐ CnP+2(0<n<30),CnP+3(0<n<22)Á½Àà,
¶ø¸ºÀë×ÓÔò½Ï¶à,ÓÐ CnP-(0<n<20),CnP-2(0<n<30),CnP-3(nÎª 2-30¼äµÄÅ¼Êý)、CnP-5(nÎª 2-20¼ä

µÄÅ¼Êý)ËÄÀà,µ«Ã»ÓÐ CnP-4.CnP+2 ÍÅ´ØÀë×ÓµÄ¼¤¹â¹â½â½á¹û±íÃ÷,ÆäÖ÷Òª¹â½âÍ¨µÀÎª°þÂäÒ»¸öÁ×Ô­×Ó.ÓÃ

B3LYP/6-31G**¶Ô CnP2µÄ½á¹¹½øÐÐ·ÖÎö,È·¶¨Á×ÔÚÁ½¶ËµÄÖ±ÏßÐÍÁ´×´½á¹¹Îª×îÎÈ¶¨µÄ½á¹¹.´ËÎÈ¶¨½á¹¹Óë

ÍÅ´ØµÄ¹â½â½á¹ûÏàÎÇºÏ.´ËÍâÓÃÍ¬ÑùµÄ·½·¨µÃµ½µÄ CnP2µÄµçÀëÄÜ(PI)ºÍµç×ÓÇ×ºÏÄÜ(EA)³öÏÖÁËÆæÅ¼±ä»¯µÄ

ÏÖÏó,ÓëÊµÑé½á¹ûÏà·ûºÏ.
¹Ø¼ü´Ê ¼¤¹â½¦Éä;Ì¼/Á×¶þÔªÍÅ´Ø;·ÉÐÐÊ±¼äÖÊÆ×;ÃÜ¶È·ºº¯ B3LYP
ÖÐÍ¼·ÖÀàºÅ O657.6 ÎÄÏ×±êÊ¶Âë A ÎÄÕÂ±àºÅ 0251-0790(2000)04-0581-05

ÊÕ¸åÈÕÆÚ:1999-02-02.
»ù½ðÏîÄ¿:¹ú¼Ò×ÔÈ»¿ÆÑ§»ù½ð(Åú×¼ºÅ:29773054)×ÊÖú.
ÁªÏµÈË¼ò½é:¸ß Õñ(1938Äê³öÉú),ÄÐ,ÑÐ¾¿Ô±,´ÓÊÂÎÞ»úÍÅ´ØÑÐ¾¿.

½üÐ©ÄêÀ´ÓÉÓÚÔÚÌìÌåÖÐ·¢ÏÖÓÐÌ¼Óë·Ç½ðÊôÔªËØÈç O[1],N[2],S[3]µÈÐÎ³ÉµÄ¶þÔªÍÅ´ØµÄ´æÔÚ,Òò¶ø

ÓÐ¹ØÌ¼Óë·Ç½ðÊôÔªËØËùÐÎ³ÉµÄ¶þÔªÍÅ´ØµÄÑÐ¾¿Ò²Öð½¥Ôö¶à.ÊµÑéÉÏÀûÓÃ¼¤¹â½¦ÉäµÄ·½·¨ÒÑ¾­µÃµ½ÁËºÜ

¶àÌ¼Óë·Ç½ðÊôÔªËØÈç B,N,P,S,AsµÈËùÐÎ³ÉµÄ¶þÔªÍÅ´Ø[4,5].FisherµÈ[6]ÓÃÌ¼¸ºÀë×ÓÍÅ´ØÓë P4·´Ó¦
À´Éú³ÉÌ¼/Á×¶þÔªÍÅ´Ø¸ºÀë×Ó.Áõ³¯ÑôµÈ[7]ÓÃ¼¤¹â½¦ÉäµÄ·½·¨Ò²µÃµ½ÁËÌ¼/Á×¸ºÀë×ÓµÄ·ÉÐÐÊ±¼äÖÊÆ×.
µ«ËûÃÇµÄÑÐ¾¿¾ÖÏÞÓÚ¸ºÀë×Ó.Îª½øÒ»²½¼ÓÉî¶ÔÌ¼/Á×¶þÔªÍÅ´Ø³É´Ø¹æÂÉµÄÀí½â,±¾ÎÄÔÚ´®¼¶·ÉÐÐÊ±¼ä

ÖÊÆ×ÒÇÉÏÍ¨¹ý¼¤¹â½¦ÉäÌ¼/Á×»ìºÏÑùÆ·,Éú³ÉÁËÒ»ÏµÁÐÓÉÌ¼/Á×ÐÎ³ÉµÄ¶þÔªÍÅ´ØÀë×Ó,¶ÔÒ»Ð©ÍÅ´ØÕýÀë

×Ó½øÐÐÁË¹â½â,²¢ÀûÓÃ B3LYP/6-31G**¶ÔÒ»Ð©ÍÅ´Ø¿ÉÄÜµÄ½á¹¹¹¹ÐÍ½øÐÐÁËÀíÂÛÉÏµÄ·ÖÎö.

1 ÊµÑé²¿·Ö

ÊµÑéÔÚ×ÔÖÆµÄ´®¼¶·ÉÐÐÊ±¼äÖÊÆ×ÒÇÉÏ½øÐÐ,¸Ã×°ÖÃµÄÔ­ÀíºÍ¹¹Ôì²Î¼ûÎÄÏ×[8],ÒÇÆ÷µÄÒ»¼¶ÖÊÁ¿

·Ö ±æÂÊÔ¼Îª 300.ÊµÑéÑùÆ·ÎªÊ¯Ä«(́¿¶È 98%)ÓëºìÁ×(¾­´¿»¯³ýÈ¥Ñõ»¯Îï)µÄ·ÛÄ©°´±ÈÀý¾ùÔÈÑÐÄ¥»ì
ºÏ,ÔÚÒ»¶¨Ñ¹Á¦ÏÂÑ¹ÖÆ¶ø³É.ÑùÆ·ÖÃÓÚÕæ¿Õ¶ÈÎª 2×10-4PaµÄÔ´ÊÒÄÚ,ËùÓÃ½¦Éä¼¤¹âÎª Nd:YAGÂö

³å¼¤¹âµÄ¶þ±¶ÆµÊä³ö(532nm,>5mJ/Pulse),ÓÃÒ»½¹¾àÎª 50cm µÄÍ¸¾µ¾Û½¹µ½ÑùÆ·ÉÏ,Í¨¹ýµ÷Õû¼¤

¹âÆ÷µÄ¹¦ÂÊºÍÍ¸¾µµÄÎ»ÖÃ,»ñµÃ×î¼ÑµÄ³É´ØÌõ¼þ,²úÉúµÄÍÅ´ØÀë×Ó·Ö±ð¾­ 0.1kVºÍ 1.1kVÂö³åµç³¡

Òý³öºÍ¼ÓËÙºó·É¹ý 3.5m ³¤µÄ×ÔÓÉ·ÉÐÐÇø,ÓÉ·ÉÐÐÍ²Ä©¶ËµÄË«Î¢Í¨µÀ°å(ÔöÒæ～107)½ÓÊÕ¼ì²â,¼ì²âÐÅ
ºÅÓÉË²Ì¬¼ÇÂ¼ÒÇ(10MHz)¼ÇÂ¼,È»ºóÊäÈëµ½ IBM PC¼ÆËã»ú´¢´æ、´¦Àí.

ÔÚÒ»¼¶·ÉÐÐÍ²Ä©¶ËÓÐÒ»ÖÊÁ¿ÃÅ,¿ÉÓÃÆäÉ¸Ñ¡³öÄ³Ò»ÖÊÁ¿µÄÕýÀë×Ó,ÀûÓÃ KrF×¼·Ö×Ó¼¤¹â(Physick
Lambada¹«Ë¾LPX300ÐÍ,248nm,150～200mJ/Pulse,ÆµÂÊ10Hz)¹â½â.¹â½âºóµÄËéÆ¬¾­700Vµç

Ñ¹¼ÓËÙ×ÔÓÉ·ÉÐÐÔ¼ 1.5m ºó,ÓÃ¶þ¼¶·ÉÐÐÊ±¼äÖÊÆ×ÒÇ¼ì²â.

2 ½á¹ûÓëÌÖÂÛ

2.1 C/P¶þÔªÍÅ´ØµÄ×é³É

Í¼ 1(B),(C),(D)ÊÇ·Ö±ðÀûÓÃ¼¤¹â½¦ÉäÌ¼/Á×ÎïÖÊµÄÁ¿±ÈÎª 1:1,1:4,1:8µÄÑùÆ·²úÉúµÄÕýÀë
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Fig.1 TOFmassspectraofpositiveionsfromvariousratioC/Psamplesandpurecarbonsample
PureCsample(A);n(C):n(P)=1:1(B);n(C):n(P)=1:4(C);n(C):n(P)=1:8(D).

×Ó·ÉÐÐÊ±¼äÖÊÆ×Í¼,´ÓÍ¼ 1¿É¼û,Ã¿ÕÅÖÊÆ×Í¼¿ÉÒÔ´óÖÂµØ·ÖÎªÁ½¸öÇøÓò,¼´Ð¡ÖÊÁ¿(m/zÎª 0～500)µÄ
Ì¼/Á×¶þÔªÍÅ´ØÇøÓòÒÔ¼°´óÖÊÁ¿(m/zÎª 500～3000)µÄ´¿Ì¼ÍÅ´ØÇøÓò.ËæÑùÆ·ÖÐÁ×º¬Á¿µÄÔö¼Ó,ËùµÃ

µ½µÄ´¿Ì¼ÍÅ´ØÕýÀë×ÓµÄÇ¿¶ÈÏàÓ¦µØ±äÇ¿.º¬Á×ÑùÆ·Óë´¿Ê¯Ä«ÑùÆ·ËùµÃµ½µÄÌ¼ÍÅ´Ø·Ö²¼Ïà±ÈÓÐÒ»Ð©Ã÷ÏÔ

µÄ²î±ð,Í¼ 1(A)ÊÇ¼¤¹â½¦ÉäÊ¯Ä«ÑùÆ·ËùµÃµ½µÄ·ÉÐÐÊ±¼äÖÊÆ×Í¼.ÓëÖ®Ïà±È,º¬Á×ÑùÆ·µÃµ½µÄ C60µÄÏà
¶ÔÇ¿¶È½ÏÈõ,²¢ÇÒÕû¸öÌ¼ÍÅ´ØÆ×·åµÄ·Ö²¼Ïò´óÖÊÁ¿ÊýÒÆ¶¯.ÌÆ×Ï³¬µÈ[9]¶ÔÎ¢Á¿²ôÔÓÎïÈç ClÔ­×Ó¶Ô C60
ÐÎ³ÉµÄ´Ù½ø×÷ÓÃ½øÐÐÁËÑÐ¾¿,ÈÏÎªÎ¢Á¿²ôÔÓÎïËùÆðµÄ×÷ÓÃÎª´ß»¯×÷ÓÃ.µ«ÔÚÎÒÃÇµÄÊµÑéÖÐÁ×ËùÕ¼µÄ·Ý

Á¿Òª´óµÃ¶à,¶øÇÒËùÐÎ³ÉµÄÌ¼ÍÅ´ØµÄ·Ö²¼ºÍÏà¶ÔÇ¿¶ÈÓëÑùÆ·ÖÐÁ×µÄº¬Á¿Ö±½ÓÓÐ¹Ø,ËæÑùÆ·ÖÐÁ×º¬Á¿µÄ

Ôö¼Ó,Ì¼ÍÅ´ØµÄ³ß´çÔö´ó,Ç¿¶È±äÇ¿.Òò¶øÁ×ÔÚÌ¼ÍÅ´ØµÄÐÎ³ÉÖÐ²»¿ÉÄÜÆð´ß»¯×÷ÓÃ,¶ø¿ÉÄÜÆð×ÅÅö×²

ÀäÈ´µÄ×÷ÓÃ[10].Á×ºÜÈÝÒ×Æø»¯,µ±¼¤¹â½¦Éäµ½ÑùÆ·±íÃæÊ±,´óÁ¿µÄÁ×Æø»¯²¢´ÓÑùÆ·±íÃæÅç³ö,Éú³É P4
µÈÆøÌ¬ÎÈ¶¨Ð¡·Ö×Ó,ÀàËÆÓÚ·Ö×ÓÊøÔØÆø×÷ÓÃ[11],ÔØÆø¶ÔÌ¼ÍÅ´ØµÄÐÎ³ÉÆð×ÅÅö×²ÀäÈ´×÷ÓÃ,ÄÜ¹»ÐÎ³É¸ü

´óµÄÌ¼ÍÅ´ØÀë×Ó[12].ÓÉÓÚÁ×ÓëÌ¼ÐÎ³ÉÁË¶þÔªÍÅ´Ø,ÒÔ¼°¸ü´óµÄ CnÍÅ´ØÀë×ÓµÄÐÎ³É,Òò¶øÊ¹ÖÐ¼äµÄ CnÍÅ
´ØÀë×ÓµÄÏà¶ÔÇ¿¶ÈÓÐËùÏÂ½µ,±íÏÖ³öÆäÖÊÆ×·åµÄ·Ö²¼Ïò´óÖÊÁ¿ÊýÒÆ¶¯.

Í¼ 2(A)ÊÇÍ¼ 1(D)µÄ¾Ö²¿·Å´óÍ¼,Í¼ 2(B)Îª¼¤¹â½¦ÉäÌ¼Á×ÎïÖÊµÄÁ¿±ÈÀýÎª 1:4ËùµÃµ½µÄ¸ºÀë×Ó
·ÉÐÐÊ±¼äÖÊÆ×.ÔÚËùÐÎ³ÉµÄ¶þÔªÍÅ´ØÕýÀë×ÓÖÐ,Ö÷ÒªµÄ³É·ÖÎª CnP+2(n=0～30)ºÍ CnP+3(n=0～27),
ÆäÌ¼Ô­×ÓÔ¶¶àÓÚÁ×Ô­×Ó,ÓÉ´Ë¿É·´Ó³³öÌ¼µÄ³É´ØÄÜÁ¦±ÈÁ×Ç¿µÃ¶à.¶ø´¿Á×ÍÅ´ØÕýÀë×ÓÔòÖ»ÓÐ P+2,P+3,

P+4 3ÖÖÍÅ´Ø,ÆäÖÐ P+4 µÄÇ¿¶È×î´ó,ÕâÓ¦¸ÃÓë P4µÄÌØÊâÎÈ¶¨ÐÔÓÐ¹Ø.°×Á×µÄÎÈ¶¨½á¹¹µ¥ÔªÎªÕýËÄÃæÌå

¹¹ÐÍµÄ P4.¶ÔÓÚ CnP+2 ÏµÁÐ,µ± n≤15Ê±,¿ÉÒÔ¹Û²ìµ½Ã÷ÏÔµÄÆæÇ¿Å¼Èõ¹æÂÉ,¼´ nÎªÆæÊýµÄÍÅ´ØÀë×ÓµÄ

ÐÅºÅÇ¿¶ÈÒª±È nÎªÅ¼ÊýµÄÇ¿µÃ¶à.¶ø¶ÔÓÚ CnP+3 ÏµÁÐ,n≤5Ê±³ÊÏÖÆæÇ¿Å¼ÈõµÄÏÖÏó,µ«µ± n≥6ºó,³ö

ÏÖÁËÏà·´µÄ±ä»¯,nÎªÅ¼ÊýµÄÍÅ´ØÀë×ÓµÄÐÅºÅÇ¿¶È·´¶øÒªÇ¿Ò»Ð©.
ÓëÕýÀë×Ó²»Í¬,¸ºÀë×Ó·ÉÐÐÊ±¼äÖÊÆ×ÖÐÃ»ÓÐµÃµ½´óÖÊÁ¿µÄ´¿Ì¼ÍÅ´ØÀë×Ó,Õâ·´Ó³ÁËÕý¸ºÌ¼ÍÅ´ØÀë

×ÓÐÎ³É»úÀíµÄ²»Í¬.´ÓÍ¼ 2(B)¿É¼û,³ýÃ»ÓÐµÃµ½´óµÄ´¿Ì¼¸ºÀë×ÓÍÅ´ØÍâ,ËùÐÎ³ÉµÄ¶þÔªÍÅ´Ø¸ºÀë×ÓÒª

±ÈÕýÀë×Ó·á¸»µÃ¶à.ÊµÑéÖÐµÃµ½ÁË m Îª 1,2,3,5µÄ CnP-m ÏµÁÐÍÅ´Ø¸ºÀë×Ó,Î¨¶ÀÃ»ÓÐ CnP-4 ÍÅ´ØÀë

×Ó,ÕâÒ»ÊµÑé½á¹ûÓëÁõ³¯ÑôµÈ[7]ËùµÃµ½µÄ½á¹ûÏà·ûºÏ.¶ø FisherµÈ[6]ÓÃ C-n(n=3-9)Óë P4·´Ó¦Ê±,Ò²

Ö»µÃµ½ÁË C4P-4 Ò»ÖÖÍÅ´Ø,ÇÒÊýÁ¿ºÜÉÙ.ÔÚ CnP-ÏµÁÐÍÅ´Ø¸ºÀë×ÓÖÐ,µ± n½ÏÉÙÊ±,¿ÉÒÔ¹Û²ìµ½Ã÷ÏÔµÄ

ÆæÅ¼Ð§Ó¦.¶øµ± n>16ºó,ÔòÖ»ÄÜ¹Û²ìµ½ nÎªÅ¼ÊýµÄÍÅ´Ø¸ºÀë×Ó.Ò»ÖÖ½âÊÍÊÇÒòÎªµ± n½ÏÉÙÊ±,CnP-

ÏµÁÐÍÅ´ØÀë×ÓÊÇÖ±Á´½á¹¹,PÔ­×ÓÎ»ÓÚÁ´µÄÒ»¶Ë.Æä¼Û¼ü½á¹¹¿ÉÄÜÎª: ≡≡ ≡≡C C C C… ≡≡C P,Òò¶ø
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Fig.2 TOFmassspectraofC/Pbinaryclusters
(A)CnP+m[(sectionallymagnifiedfigureofFig.1(D)];(B)CnP-m[n(C):n(P)=1:4insample].

nÎªÆæÊýµÄÍÅ´Ø¸ºÀë×Ó±ÈÅ¼ÊýµÄÎÈ¶¨µÃ¶à.µ± nÔö´óºó,ÓÐ¿ÉÄÜÐÎ³ÉÁË»·×´½á¹¹,¶ø²»ÔÙ³öÏÖÆæÅ¼Ð§

Ó¦.ÓëCnP-ÏµÁÐÍÅ´ØÀë×ÓÏà±È,CnP-2 ÏµÁÐÍÅ´ØÀë×ÓÖÐµÄn·¶Î§Òª¿íµÃ¶à.µ±n½ÏÉÙÊ±,Ò²¿É¹Û²ìµ½Ææ
Ç¿Å¼ÈõµÄ¹æÂÉ,µ«Ã»ÓÐ CnP-ÏµÁÐµÄÆæÅ¼±ä»¯ÄÇÃ´Ç¿;µ± n½Ï´óÊ±,ÆäÐÅºÅµÄ±ä»¯Ò²±È½Ï¾ùÔÈ,Ëæ nÔö
´ó¶øÇ¿¶È¼õÉÙ.µ«²»Ñ°³£µÄÊÇÔÚ CnP-3 ÏµÁÐÍÅ´ØÀë×ÓºÍ CnP-5 ÏµÁÐÍÅ´ØÀë×ÓÖÐ,Ö»¹Û²ìµ½ nÎªÅ¼ÊýµÄÍÅ
´Ø¸ºÀë×Ó,¶øÃ»ÓÐnÎªÆæÊýµÄÍÅ´Ø¸ºÀë×Ó.´ÓÕâÊµÑéÊÂÊµ¿ÉÒÔ¿´³öCnP-3 ºÍCnP-5 ÍÅ´ØµÄÉú³¤ÊÇÍ¨¹ýC2
¼Ó³É·´Ó¦½øÐÐµÄ[13].
2.2 CnP2ÍÅ´ØÕýÀë×Ó¹â½â½á¹û

Ò»°ãÈÏÎª½ÏÐ¡µÄÌ¼ÍÅ´ØÊÇÖ±Ïß½á¹¹[14],ÓÉÓÚÌ¼Ô­×ÓµÄ³É´ØÄÜÁ¦½ÏÁ×Ç¿µÃ¶à,Òò¶øÌ¼/Á×¶þÔªÍÅ´Ø
µÄÐÎ³ÉÓ¦ÊÇÌ¼Ô­×Ó×ÔÉíÏÈ³É´Øºó,ÔÙÓëÁ×·´Ó¦µÃµ½µÄ.Òò¶ø¶ÔÓÚn½ÏÉÙµÄÏµÁÐCnP±2 ÍÅ´ØÀë×Ó,Æä×î¿É
ÄÜµÄ½á¹¹Ò²Ó¦ÎªÖ±ÏßÐÎ,Á½¸öÁ×»ò½ÓÔÚÌ¼Á´µÄÁ½¶Ë»ò½ÓÔÚÌ¼Á´µÄÍ¬Ò»¶Ë.ÎªÑéÖ¤ CnP2ÍÅ´ØµÄ½á¹¹,Í¨

¹ýÑ¡ÖÊ,¶ÔÌØ¶¨ÖÊÁ¿µÄÍÅ´ØÕýÀë×Ó½øÐÐÁË¹â½â,Í¼ 3ÊÇÓÃ 248nm ¼¤¹â¹â½âÍÅ´ØÕýÀë×ÓËùµÃ½á¹û.

Fig.3 PhotodissociationofCnP+2 by248nmlaser
Flighttimeis0.1µs.

ÓÉÍ¼ 3¿É¼û,¶ÔÓÚ 6≤n≤9µÄ CnP+2 ÍÅ´ØÀë×ÓÆäÖ÷ÒªµÄ¹â½âËéÆ¬Îª CnP+,¼´ÆäÖ÷Òª¹â½âÍ¨µÀÎª°þ

ÂäÒ»¸öÁ×Ô­×Ó.Èç¹û¼Ù¶¨Á½¸öÁ×Ô­×Ó·Ö±ð½ÓÔÚÌ¼Á´µÄÁ½¶Ë,ÔòÖ»ÓÐÒ»¸ö¹â½â²úÎï CnP+ÊÇ¿ÉÒÔÀí½âµÄ,
ÒòÎªÈç¹ûÁ½¸öÁ×Î»ÓÚÌ¼Á´µÄÍ¬Ò»¶Ë,Ôò³ý²úÎï CnP+Àë×ÓÍâ»¹Ó¦ÓÐ²úÎï C+nÀë×Ó.ÎªÖ¤ÊµÒÔÉÏ¼Ù¶¨,ÎÒ

ÃÇÍ¨¹ýÀíÂÛ¼ÆËã½øÒ»²½ÑÐ¾¿ÁË CnP+2 ÍÅ´ØÀë×ÓµÄ½á¹¹.
2.3 CnP2ÍÅ´ØµÄ½á¹¹·ÖÎö

Îª´ÓÀíÂÛÉÏ·ÖÎö CnP2ÏµÁÐÍÅ´Ø¿ÉÄÜµÄ½á¹¹,ÒÔ C6P2ÖÐÐÔ·Ö×ÓÎªÀý,¹¹ÔìÁËÆä¿ÉÄÜ´æÔÚµÄÒ»Ð©½á

¹¹,ÈçÍ¼ 4ÖÐµÄÖ±ÏßÐÍºÍÆ½Ãæ»·×´µÈ½á¹¹.ÓÉÓÚÃÜ¶È·ºº¯·½·¨ÒÑ¾­±»Ö¤Ã÷¶Ô¼ÆËãÌ¼ÍÅ´ØÊÇÒ»¸öºÜÓÐÐ§

µÄ·½·¨[15],Òò¶ø²ÉÓÃ B3LYP/6-31G**·½·¨,¶ÔÆä¸÷ÖÖ¿ÉÄÜ½á¹¹½øÐÐÁË¼ÆËã.Í¼ 4ÊÇÕâÐ©ÍÅ´ØµÄ½á¹¹
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Í¼¼°¼ÆËãºóµÃµ½µÄ¼ü³¤µÄÊý¾Ý.±í 1ÎªÓÃ B3LYP/6-31G**ËùµÃ PCnPµÄ¼ü³¤¼°ÄÜÁ¿.

Fig.4 EnergyandbondlengthofvariousstructuresofneutralC6P2

Table1 EnergyandbondlengthofPCnPbyB3LYP/6-31G**

Compd.Geometry
Negative

E/
a.u.

Bondlength/
nm

Neutral

E/
a.u.

Bondlength/
nm

Positive

E/
a.u.

Bondlength/
nm

EA/
a.u.

(kJ/mol)

PI/
a.u.

(kJ/mol)

PC3P Linear -796.970 C-P 0.1629 -796.868 C-P 0.1607 -796.594 C-P 0.1601 -0.103 0.273
C-C 0.1297 C-C 0.1296 C-C 0.1296(-269.62)(742.29)

PC4P Linear -835.054 C-P 0.1612 -834.996 C-P 0.1569 -834.683 C-P 0.1590 -0.058 0.313
C-C 0.1311 C-C 0.1340 C-C 0.1313(-151.55)(822.17)

0.1272 0.1240 0.1262
PC5P Linear -873.144 C-P 0.1619 -873.033 C-P 0.1598 -872.771 C-P 0.1594 -0.111 0.262

C-C 0.1302 C-C 0.1304 C-C 0.1303(-290.32)(608.25)
0.1285 0.1279 0.1278

PC6P Linear -911.227 C-P 0.1606 -911.156 C-P 0.1569 -910.857 C-P 0.1585 -0.070 0.299
C-C 0.1314 C-C 0.1340 C-C 0.1317(-183.78)(784.55)

0.1268 0.1239 0.1259
0.1307 0.1333 0.1305

PC7P Linear -949.314 C-P 0.1611 -949.197 C-P 0.1592 -948.943 C-P 0.1588 -0.117 0.254
C-C 0.1307 C-C 0.1311 C-C 0.1309(-306.93)(666.44)

0.1278 0.1271 0.1270
0.1290 0.1287 0.1285

PC8P Linear -987.396 C-P 0.1601 -987.317 C-P 0.1570 -987.025 C-P 0.1582 -0.079 0.288
C-C 0.1317 C-C 0.1339 C-C 0.1320(-204.26)(756.55)

0.1265 0.1239 0.1256
0.1308 0.1333 0.1307
0.1266 0.1239 0.1257

PC9P Linear -1025.482 C-P 0.1605-1025.360 C-P 0.1588-1025.112 C-P 0.1584 -0.122 0.247
C-C 0.1311 C-C 0.1316 C-C 0.1314(-320.27)(649.25)

0.1273 0.1265 0.1265
0.1295 0.1295 0.1292
0.1283 0.1279 0.1278

Fig.5 CurveofPI(A)andEA(B)ofPCnPversusnumberofcarbon

ÔÚÍ¼ 4µÄ¼¸ÖÖ½á¹¹ÖÐ,»·×´¼°Á×ÔÚÍ¬Ò»¶ËµÄÖ±ÏßÐÍ½á¹¹ÄÜÁ¿Ïà¶Ô½Ï¸ß,¶øÁ×·Ö±ð½ÓÔÚÁ½¶ËµÄÖ±Ïß

ÐÍÁ´×´½á¹¹,ÆäÄÜÁ¿ÔòÒªµÍµÃ¶à,½á¹¹(A)ÊÇ×îÎÈ¶¨µÄ½á¹¹.Á×·Ö±ð½ÓÔÚÁ½¶ËµÄÖ±ÏßÐÍÁ´×´½á¹¹Óë¹â

½âÊµÑéÖÐµÃµ½µÄÖ÷Òª¹â½âÍ¨µÀÎª°þÂäÒ»¸öÁ×Ô­×ÓÏà·û.ÓÉÓÚÁ×ÔÚÁ½¶ËµÄÖ±ÏßÐÍÁ´×´½á¹¹×îÎÈ¶¨,¹ÊÓÃ

Í¬ÑùµÄB3LYP/6-31G**·½·¨¼ÆËãÁËÖ±ÏßÐÍÁ´×´PCnPµÄÖÐÐÔÍÅ´Ø¼°ÍÅ´ØÕý¸ºÀë×Ó.±í1ÁÐ³öµÃµ½µÄ¼ü
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³¤,×ÜÄÜÁ¿¼°ÓÉÖÐÐÔÍÅ´ØºÍÍÅ´ØÕý¸ºÀë×ÓµÄÄÜÁ¿ËùµÃµ½µÄµçÀëÄÜºÍµç×ÓÇ×ºÍÄÜ.´Ó±í 1¿ÉÒÔ¿´³ö,PCn
PÏµÁÐÍÅ´ØµÄµçÀëÄÜ PIºÍµç×ÓÇ×ºÍÄÜ EA Ëæ nµÄ±ä»¯Ò²³öÏÖÆæÅ¼±ä»¯,ÓëÖÊÆ×·åµÄ±ä»¯ÏàÀàËÆ.µçÀë

ÄÜºÍµç×ÓÇ×ºÍÄÜ¶ÔÌ¼Ô­×ÓÊýÄ¿µÄ±ä»¯¼ûÍ¼ 5.µçÀëÄÜÔ½Ð¡,ÓÉÖÐÐÔ·Ö×Ó±ä³ÉÕýÀë×ÓÍÅ´ØÔòÔ½ÈÝÒ×,¶ø

Í¬Ñùµç×ÓÇ×ºÍÄÜÔ½Ð¡,ÆäÓÉÖÐÐÔ·Ö×Ó±ä³ÉÏàÓ¦µÄ¸ºÀë×ÓÍÅ´ØÔ½ÈÝÒ×.ÕâÖÖÆæÅ¼±ä»¯ÓëÖÊÆ×·åµÄÆæÅ¼±ä

»¯Ïà·û.Òò¶øÒ²´ÓÒ»¸ö·½Ãæ½âÊÍÁËÎªÊ²Ã´ CnP2ÏµÁÐÍÅ´ØÀë×ÓµÄÖÊÆ×·å»á³öÏÖÆæÇ¿Å¼ÈõµÄÏÖÏó.
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FormationbyLaserAblation,Photodissociationand
StructureAnalysisofC/PBinaryClusters

ZENGRong,LIUJian-Bo,HANChun-Ying,GAOZhen*

(CenterofMolecularSciences,StateKeyLaboratoryofMolecularReactionDynamics,InstituteofChemistry,

ChineseAcademyofSciences,Beijing100080,China)

Abstract C/PbinaryclusterswereproducedbydirectlaserablationofC/Pmixedsampleonatime
offlightmassspectrometer.Theseclusterscanbedividedintotwogroups,C/Pbinaryclustersand
purecarbonclusters.TheintensityofpurecarbonclustersbecamestrongerwiththeincreaseofPin
mixedsample,whichindicatesthatPhasanimportantinfluenceontheformationofpurecarbon
clusters.InC/Pbinaryclusters,thecompositionsofthepositiveionsareonlyCnP+2(0<n<30),Cn
P+3 (0< n< 22),whilethenegativeionsaremoreabundantthanpositiveions,whichhave
compositionsofCnP-(0<n<20),CnP-2(0<n<30),CnP-3(nisevennumberin2-30),CnP-5(nis
evennumberin2-20),butnoCnP-4 wasproduced.ThephotodissociationofCnP+2 indicatesthattheir
mainphotodissociationchannelwasthelossofonePatom.CombiningphotodissociationandDFT
calculations(B3LYP/6-31G**),themoststablestructureofC6P2positiveionsshouldbethelinear
chainstructurewithPatomsateachendofthemolecule.
Keywords Laserablation;C/Pbinaryclusters;Timeofflightmassspectrometry;Density;Function
B3LYP (Ed.:F,X)
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