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AnaHoTanus

DKCIEPUMEHTAJIBHO JIEMOHCTPUPYETCs ONTUYECKUN KOHTPOIb OPUEHTAIMOHHON aHU30TPO-
mum Mostekysl N,N-numernncdpopmMaMuga B JKUIKOCTH MPU KOMHATHONW Temrmeparype. s pe-
a/IM3aluK YIPaBIeHUsd aHU30TPONUEH UCII0/Ib3yeTCd HePEe30HAHCHOE BO30YKIEHUE CPEebl 10~
CIeI0BATETLHOCTHIO U3 JIBYX JIMHEHHO MOJIsIPU30BAHHBIX JIA3€PHBIX UMITY/IbCOB JJIUTEIHHOCTHIO
60 ¢dc. BouaupoBaHre HECTAIMOHAPHON AaHU30TPOTTUH MTPOBOINUTCS TPETHUM UMITYIHCOM C TTOMO-
MIBI0 PErucTpanum cBepxosicTporo ontrudeckoro addexra Keppa ¢ npuMerHennemM onTudeckoro
reTepoIMHUPOBAHUS U CUHXPOHHOIO JeTeKTUpoBaHusd. [I0Ka3aHo, 94TO € MOMONILIO 33/ePKKHU
MeXK/Ty HAaKaQUNBAIONNMI UMITY/IbCAMU U YTJIa MEXKJy HAMPaBJIEHUSIMU UX JTUHEHHBIX TOJISPU-
3aluil JOCTUTAETCH KOHTPOIb AaHU30TPOIMHA MOJIEKYJT B CYOIIMKOCEKYHIHOM JIharna30He.

KuroueBbie cioBa: GHEMTOCEKYHIHAST CIIEKTPOCKOTNs, BPEeMspa3penméntas CreKTPOCKO-
s, ontudeckuii 3ddext Keppa, N,N-mumernindopmavu, ynpasienne OpUeHTATMOHHON aHN-
30TpoMHeil, CeJIEKTUBHAS CIIEKTPOCKOTIHSI.

BBenenue

OnTruecknii KOHTPOJL MOJIEKYJSAPHONW NIWHAMUKHW B HACTOSAIIEE BpeMs sBJISCT-
Cs TIPEIMETOM WHTEHCHBHBIX TEOPETHYECKNX W IKCIMEPUMEHTAIBHBIX HCCIETOBAHWIA.
Bo MHOTOM 3TO CBA3aHO ¢ 6ypHBIM PA3BATHEM JTOCTYITHO Ja3€pHOI TEXHUKH, MO3BOJIIO-
nIeil NCIOMb30BATH CBEPXKOPOTKHE JIA3EPHBIE UMITY/IbCHI B ITUPOKOM CHEKTPATBHOM JIAa-
na3ome [1], 4T0 OTKpbIBaET HOBBIE BOZMOXKHOCTH Jijisi (DYH/IAMEHTAJIbHBIX UCCIIE0BAHMI
KOTE€PEHTHBIX CBOICTB KBAHTOBBIX cucTeM. OIHAM W3 METOMOB TAKWUX MCCICIOBAHMIA,
OCHOBAHHBIX HA KJIACCHYIECKONH CXeMe «HAKAYMBAIONIWN — TPOOHBINY, ABIAETCA METOI
ONITHYECKOTO KOHTPOJIS «HAKAYMBAIOIINIT — HAKATMBAIONINT — MPOOHBINR» MW «HAKAYW-
BaOIHI — NOTABASIONINN — IPOOHBIA », e TMOCIEA0BATENLHOCTD UMITYIbCOB 3aaHHBIM
obpazomM BozzmeiicTByer Ha cpemy. Kmouém K JOCTHKEHHIO ONPEeTEHHOrO COCTOSTHUS
Cpe/ibl BJIIeTCA ONTUMU3AlUg [aPAMETPOB UMIIYJIbCHON I10C/Ie0BATEIbHOCTH ( 1J1H-
TEIHHOCTH, WHTEHCUBHOCTH, YACTOTHI HECYIIEH WUMITYJIhCA, MOJAPU3AIAA W T. J. KarK-
JIOTO MMTTYJIbCA, a TaKI¥Ke 3aJePKKHU MexIy ummynbcamn) [2, 3]. B manHoii pabore sra
cxXeMa WCMoab30BaHa ISt JEeMOHCTPAIMA BO3MOYKHOCTH yTIPABJICHUS OPUEHTAIIMOHHOM
AHU30TPONMEH MOJIEKY B KUJIKOCTH B CyOIMUKOCEKYHJIHOM JIMATIA30HE.

DKCIEPUMEHT ONUPAETCSA HA TEXHUKY MOJSAPU3AMUOHHON HEPE3OHAHCHOH BpeMspas-
PEIERHOi CIEKTPOCKONUN C PEruCTpanmeil ceepxopicTporo ontuueckoro addexra Kep-
pa (OKE) [4-6]. CyTh sKkcneprMeHTa COCTOWT B HABEJIEHNW JIMHETHO TOJISPU30BAHHBI-
MU HAKAIWBAIOIAMA (DEMTOCEKYHIHBIMA WUMITYJILCAMA HECTAIIMOHAPHON aHW30TPOTIAN
xuakoctu. Crycrst 3aIaHHOE BPEMS TOC/IE HAKAIMBAIOIINX UMITYJIbCOB COCTOSTHAE CPe-
JIbI 30HIUPYETCsT CIabbIM IIPOOHBIM UMITYIECOM. PerucTpupyeMplii B 9KCIIEPUMEHTE CUT-
HaJ 00YCIOBIEH U3MEHEHNEM MOJSIPU3aIn TPOOHOr0 UMITYIHCa, Ha BBIXOE U3 00pasma
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Puc. 1. Cxema 3kcrnepuMeHTa bHON ycTaHOBKH: 1 — (heMTOCeKyHHbBIN Jia3ep, 2 — CBETOIe In-
Tesh, mpormyckanue 80%, 3 — MeXaHW3WpPOBAHHASA JIMHWA 33A€PKKH (MPOOHBI yw), 4 — TUHAUR
3a/1epKKH (JIy9n HAKAYKH), D — CKPENEHHBIE TTOIAPU3aTOPBI TPOOHOTO JIy9a, 6 — NOaApU3aTop
smydeil Hakauku, 7 — cBeromenuTenb, npomyckanme 50%, 8 — nmactmaka A\/4, 9 — mnacTuHka
/2, 10 — mexanndaecknii momynaTop, 11 — o6pasern, 12 — OV

U SIBJISIETCS PE3YJIbTATOM HEJIMHEHHOTO OTKJIMKA CPeabl Ha AefiCTBUE HAKAYMBAIOIINX
UMY I6COB. HellmHedHbIi OTKINK CPEJIbl SIBJISIETCs CyMMON OTKJIMKOB HU3KOYAaCTOTHBIX
KOMOMHAIIMOHHO-aKTUBHBIX KOJIEOATETbHO-BPAIIATETLHBIX MOJEKYISAPHBIX MO, a TaK-
JKe OTKJIMKA 3JIeKTPOHHOI runepnosspusyemoctu [7—10].

[IpenveroM raBHOrO WHTEpPECA JAHHON CTATHU SBJISIETCS BPAIIATETHHBIN OTKJINK
MOJIEKYJI. YTIPABJIEHUE COCTOSHUEM OPWEHTAIMOHHON AHM30TPOTIONN CPEIbI OCYIIECTB-
JISIJIOCH TIOCJIEIOBATEIBHOCTHIO U3 JIBYX HAKAUWBAIOIINX JIMHEHHO TOJISIPU30BAHHBIX UM-
MyJIbCOB JTATENBHOCTHI0 60 e, a UMEHHO: COCTOSIHUE OPUEHTAIWIi MOJIEKYT B YKUJI-
KOCTH KOHTPOJUPOBATIOCH JABYMS BAPbUPYEMBIMHU B IKCIEPUMEHTE MAPAMETPAME: Y-
JIOM MEXKJy JMHEHHBIME TOJAPU3aNUIAMA HAKAYMBAIOMUX uMIya6coB (0° u 90°) u
3a/IEPKKON MEKIY HAKAUMBAIIIUMEA HUMIyJbcaMu. B KadecTBe 00bEKTa WMCCIEI0BA-
HUsl B KCIEPUMEHTE WCIOIb30BAJACh ducTas KUIAKOCTh N, N-mumerunahopmavuma
((CH3)2NCOH) npu komuarnoii remneparype. Boibop manHoil xKugakoctu obycioBien
caemayomuvu npuanaamu. JTuvernadopmamug npo3paded B obsactu 800 HM, MosIeKyIa
(CH3)2 NCOH o6nanaer xKEcTKOIi 11aHAPHOl CTPYKTYPOI € GOJIBIIUM JIUIOJIbHBIM MO-
MEHTOM U 3HAYUTEILHON aHU30TPOMNEN MOJIEKYISIPHOM MOJIIPU3YEMOCTH. JTH CBONHCTBA,
nenaior Mosiekyny (CHg)oNCOH ymo6HOM MOIENbIO /I HCCIEI0BAHKST BPAIIATEIHHOM
JUHAMUKHE B KUAIKOCTH 1pu Habmiogenun csepxobictporo OKE.

1. DOkcmepumeHT

Ucnonb3oBannas B JaHHON paboTe cxema IKCIIepuMeHTa npuBeaeHa Ha puc. 1. [ene-
paTopoM (heMTOCEKYHIHBIX UMITYIbCoB aBigercs Ti:Sa-nmazep (Avesta LTD), nakauu-
Baemblii Bropoit rapmonukoit Nd:YAG naszepa Finesse (Laser Quantum) MOIHOCTBIO
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3.8 Bt ¢ gmomnoii makaukoil. CpemHsisi SHEPTHsS UMIYJIBCOB JIATEIHHOCTHIO 60 e
¢ mecymeit 780 um cocrasnana 5 - 1077 JIxk. B sxcmepuMmenTe m3Mepsiach OTHOCH-
TeJIbHAsl WHTEHCUBHOCTH MPOOHOIO JIyda, MPOIIE/INIEro Yepe3 moaapu3arop, oopaser u
aasnmsarop. s yaydiieHusi OTHOIIEHNsT CHTHAJ/TIIyM MPUMEHSATIACh TeXHWKA ONTH-
YeCKOTO TeTEePOIMHUPOBAHMS: C TMOMOIIBIO TIACTHHKHA A/4 ToJie MpOoOHOTO MMITYJIbca
CMETITIBAJIOCH C MOJIEM JIOKATFHOTO OCIUJIISITOPA, TOJISTPU3AIHsi KOTOPOTO MEPTIEH TIHKY-
JIApHA TOJIIPU3aluU NPOOHOro UMIy/Ibca, a (Gaza uMeer CABUr 7/2 [0 OTHOIIEHUIO K
ITOJTI0 TTPOOHOTO MMIIY/THCA.

g moaBeHuns CUTHAJIA OT HOJIs JIOKAJTBHOTO OCITUIIIATOPA U IIyMOB, CBA3aHHBIX C
HUM, a TaKKe JIJIs MOJABJIEHUs TIyMOB, 00yCJIOBJIEHHBIX HECOBEPIIEHCTBOM MPUEMHOTO
TpaKTa, TPUMEHSJICS MEeTOJ CHHXPOHHOTO IETEeKTUPOBAHWS C MOIYJAINEdl Ha bacTo-
te ~ 1 k['m. Kak Ob110 OTMEUEHO BBIMIE, Cpela HAKAYUBAJIACH JBYMSI MUMITYIbCAMHE, C
9TOHl MEJIbI0 JIyd Ja3epa Pa3Iesisiiica AeIUTETbHBIMA [LJIACTUHAME 2 W 7 HA TPOOHBIH
ayu (10%-uoii momnocTH) 1 JABa HakaduBaomux (nepsbiil HakauuBatonwmii — 60%-Hoii,
BTOpOil HakauuBaomuii — 30%-uoii momuocTn). Bropoit nakaunsaomuii 1yd mpoxoIu
Yepe3 JIOMOJHUTENBHYIO0 JTMHWIO 33IePKKN W TJIACTUHKY A/2, TIO3BOJISIONIYIO TIOBOpa-
YUBATH JIMHEHHYIO TTOJISPU3AINI0 BTOPOr0 HAKAYHUBAIOIIETO UMITY/IHCA. TakuM 00pa3oM,
UCIIOJIb3yeMast HAMU CXEMa MO3BOJIAET BAPHUPOBATH 3AJEPAKKY MEXKY ABYyMs HAKATM-
BAIOIIUMU UMIYJIbCAMU U yTOJ MEXKJy UX JuHeiinbiMu nonspusanuavu (« ). Hakauu-
BAOIINe W TMPOOHBIH JTy9IH CBOAUINCH B 00PA3IE MOCTe MPOXOXKICHNSA JTUH3BI C (POKYyC-
HbIM paccrosareM 10 ¢cM. YTOJI CBEIEHUsT MEYKIY TEPBBIM M BTOPHIM HAKAYUBAIOIIUMUI
JIYIAMHU ¥ TE€PBBIM HAKAYWBAIOMIUM U TPOOHBIM WMITYJIBCAME COCTABISAT ~ 3° -+ 4°.
B kauectBe ucciieryemoro obpasia ucrnoab30Banachk npospadnas B obsactu 800 HM qm-
cras (aBaxabl dbunbrpoBanHas depe3 Guiabrp ¢ pazmepom 1op 0.02 MKM) KUIAKOCTbH
nuMeruadopMaMuia, TOMEIEHHAsT B KBAPIEBYIO KIOBETY.

2. PesyabraThl U obCcyXKJeHUe

Ha puc. 2 n 3 mokazamnsr curnanst OKE npu apyxummnyascrnom Bo30yx aernn. Craga-
JIa HA Cpejly JAefCTBYeT MepBblii UMITYJIbC HAYaKu (YTO COOTBETCTBYET HYJIEBOIl 3a/IepKKe
MEZKJ1y ePBbIM HAKAYMBAIOIIMM U IPOOHBIM UMIIYILCAME ), 3aTEM CIIYCTs 3aaHHOE Bpe-
ms (100 u 870 ) peiicTByer Bropoii HaKaYUBAIONIMI UMITYIbC. IHT@HCUBHOCTD IEPBOrO
HAKAYTHUBAIONIET0 NMITYIhCa B JBA Pa3a MPEBBINAET HHTEHCHBHOCTH BTOPOTO MMITYJILCA.
O1n pucynkn mnokasbizaior, uto curian OKE owenh cniabHo 3aBHCHT OT mapaMeTpoB
BTOPOTO HAKAYMBAIOIIET0 WMITYJIhca. BTOPOHl MMIyJIhC B 3aBUCHMOCTH OT yIJyla (¢ MO-
KeT ObITh Kak yemnupaomumm («a = 0°), rak u nogasasmomuM (o = 90°) curnan OKE
no cpasrenuto ¢ curaanoM OKE ¢ ogronmmyabcabiM BO3OY K AEHHEM, TPUIEM 3TOT 3-
deKT nposABIgeTCcs HA JIOOBIX 3aJePKKAX MEXKIY MEPBBIM U BTOPBIM HAKAYUBAIOIIUMUI
UMITYJIBCAMH.

[Mockonbky 3a 250 ¢ MPOUCXOIUT TMOHAS PEAKCAIUs OTKJINKOB BHYTPUMOJIEKY-
JIAPHBIX KOJIEOAHUN U MOJIEKYIAPHBIX JTHOPAIHii, AaHU30TPOINS MOJIAPUIYEMOCTH CPE/IbI
cuycrs (0.5 1c mocse AeicTBUS BTOPOTO HAKAYHMBAIOIIErO HUMITY/IbCA OOYCIOBJIEHA WC-
KJIIOYATEHbHO OPUEHTAIIMOHHON aHU30TPONHEH MOJEKYJ B KUJIKOCTH. DTO MO3BOJIAET
TOBOPHUTH O TOM, UTO B 3aBUCHMOCTH OT yTJIA (v BTOPOI MMITYJIhC YCUINBAET WJIN MO/IAB-
JIsieT OPMEeHTAIMOHHYI0 aHM30TPOITHIO MOJIEKY/I, HABEAEHHYIO MEePBHIM NMITYIHCOM.

MexaHu3M yCHJIEHNsT OPUEHTAIMOHHON aHM30TPOTMH COCTOMT B TOM, YTO BTOPOW
HAKAYMBAOMNANA UMITYJIbC, pu « = (0° MOBOpPAaYMBAET MOJIEKYJIBI B CPeJe B TOM K€
HAMPABJEHUN, YTO ¥ TEPBBIA. DTO NPUBOJUT K JIOTIOTHUTENHHON OPUEHTAIIMH MOJIe-
KyJ BO BpeMs JeiiCTBHs BTOPOro mMmmyshca n K Bo3pacranuio curaasa OKE. Crenyer
OTMETHTh, UTO JTAHHbIE IKCITEPUMEHTATLHBIE PE3YIbTATHI MOITBEPKIAIOT BHIBOIBI PAOO-
Th1 [11], Kacarormmecsi BO3MOYKHOCTH YCUJIEHNST OPHEHTAIMOHHON AHW30TPOIMH MOJIEKYJT
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Puc. 2. Curnan ceepxouictporo O9K B uakocTr qumernagopMamMuaa. 3aaepKKa MeK Iy Ha-
kaunBaomumu uMmyabcamu 100 ¢pe. CrymonHbiM TpOHyMEpOBAHHBIM JIMHUAM COOTBETCTBYIOT
mapamerpst: (1) a = 0°, (2) a = 90°. IlyakTupHaa nmuHUSA — ABTOKOPpenanuoHaas BHyHKIuI
HAKQUMBAIOMIUX UMITYIHCOB
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Puc. 3. Curnan ceepx6oicrporo O9K B kunakocTu qumerunsidbopmaMuia. 3a1epKKa MKy Ha-
kauuBalomuMn UMy abcaMu 870 ¢dbce. CrIOnHbIM TPOHYMEpOBAHHBIM JIMHAAM COOTBETCTBYIOT
mapamerpnt: (1) a = 0°, (2) a = 90°. IlyakTupHaa TUHUSA — ABTOKOPPEIATNOHHAS (DYHKIIUS
HAKQYMBAIONIUX UMILYJIbCOB

B 2KHJIKOCTU BTOPLIM HAKAYUBAIOIIUM UMIIYIHCOM.

MexaHn3M TOJABIEHNS OPUEHTAITMOHHOW AaHU30TPOTTUU COCTOUT B TOM, |TO JEHCTBIE
Ha Cpely BTOPOrO HAKAYMBAIOIIETO MMMYAbca pn « = 90° MOBOpavYMBAET MOJIEKYIIbI
B 00paTHOM HAMpPABJIEHWH OTHOCUTEIHHO MOBOPOTA, MOJIEKYJ TOJ JeHCTBUEM MEPBOTO
HAKAYMBAIOIIEr0 UMITY/Ibca. B 3TOM cirydae [eficTBHE BTOPOIO MMILYJIbCA YMEHbIAeT
OPHUEHTAIMOHHYIO AHU30TPONHIO YKUJIKOCTH, HABEIEHHYIO TIEPBBIM HUMITYJIHCOM, ITO, CO-
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OTBETCTBEHHO, MPUBOIUT K YMeHbIeHN0 curaaja ceepxonictporo OKE.

Caeayer Takzke OTMETUTh, 4TO Teoperudeckuil anaau3s [11] ykaspiBaer Ha BO3MOXK-
HOCTH PEau3allui CeJEKTUBHON CIIEKTPOCKOINN KOJIe0ATeIbHO-BPAIATETbHBIX JIBUKE-
HUN MOJIEKYJI B YKHUJKOCTH C TIOMOIIBI0 MHOTOMMITYJIECHOTO BO30YKIEHWS B IKCIIEPU-
venTax ¢ perucrparueit OKE. MbI cuntaeM, 910 ONTHYECKUN KOHTPOJIb, OCHOBAHHBIN
Ha cXeMe puc. 1, MO3BOJMIONIEHl MAHUMYINPOBATh 3aJIEPYKKON MEKIY HAKATNBAIOIIH-
MU UMIYJIbCAMHU U YIJIOM MEXKIYy WX JUHEHHBIM MOJIAPU3AMUAME, MOXKET OBITh TaKXKe
UCIIOJIB30BAH 115l CEJIEKTUBHON CIIEKTPOCKOINHU MOJIEKYJIAPHON TUHAMUKHI B 2KUTKOCTH.

BroiBoabl

[naBHBIM pe3y/bTaTOM TMPEICTABICHHON PAOOTHI ABJISETCS SKCIEPUMEHTATHHAST -
MOHCTPAIINS ONTHUYECKOTO KOHTPOJIA MaKpPOCKOMWYECKOH AaHM30TPONUH, CBA3AHHONW C
BpAIATEIHLHOM OpUWEHTAINedl MOJIEKYJ B YHCTOW KUIKOCTH IUMETHI(POPMAMUIA HA,
OCHOBeE JIByXUMITY/JIbCHOM HaKa4dMBalolleil I0Cye/10BaTeIbHOCTH B 9KCIIEPUMEHTE C peru-
crpamnuei ceepxObIcTporo ontrdeckoro g dexra Keppa. B nmpeacrasnenmoit namu cxeme
3KCIepuMeHTa Ha puc. 1 mapaMeTpaMu, KOTOphIE TO3BOJISIOT yIPAaBIATH OPUEHTAITH-
OHHO¥ aHW30TPOINEHl MOJEKYJ B CYONMKOCEKYH/IHOM THAMA30He, SIBJISIOTCS 3a/IepKKa
Me¥K/Iy HaKauYWBAIOMIMMWA WUMITYJILCAMHA W YTOJ MeYK/1y HampaBJIEeHUAMN WX JIMHEHHBIX
nonsgpu3arnuii. Mbl TakKe mojaraeM, 9T0 ONTHYIECKHH KOHTPOJb, OCHOBAHHDINH HA CXe-
Me puc. 1 MOxKeT ObITh WCIIOIB30BAH [IJIsi CEJIEKTUBHOM CIIEKTPOCKOIUU MOJIEKYIAPHOMI
JUHAMHUKHU B KUATKOCTH.

PaGora seinosaena npu dbunancosoii nogaepxkke POOU (npoext Ne 06-02-16491) u
Benymeit nayqanoit mkossr HIT1-6213.2006.2.

Summary

A.G. Shmelev, A.V. Leontiev, V.G. Nikiforov, G.M. Safiullin, V.S. Lobkov. About Optical
Control on Anisotropy of the Molecules in a Liquid: Orientational Anisotropy.

The control on the orientational anisotropy of molecules in pure N,N-dimethylformamide
at room temperature is demonstrated experimentally. To accomplish the optical control, the
medium is non-resonantly excited with two successive linearly polarized laser pulses with a
duration of 60 fs. The state of transient anisotropy is probed with the third pulse with the
help of registering ultrafast optical Kerr effect using optical heterodyne technique and lock-in
detector. The variations in the two parameters, the delay time between two pump pulses and
the polarization angle between the directions of the pump pulses, are shown to ensure the
control on the orientational anisotropy of the molecules in the subpicosecond region.

Key words: femtosecond spectroscopy, time-resolved spectroscopy, optical Kerr effect,
N,N-dimethylformamide, control on orientational anisotropy, selective spectroscopy.
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