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Abstract 

It has been demonstrated recently, using computer simulation, that a molecular liquid treated with 
strong electromagnetic radiation becomes birerringcnt in the f’dr inrra red region or the electromagnetic spec- 
trcm This appears to be a new observation, opening the way for the spectral investigation of molecular 

dynamics with powerful laser fields.It is shown in this paper that the birefringence is accompanied by 

dispersion at frequencies characteristic or the molecular dynamics on the picosecond time scale.Dispersion or 

the birefringcnce that xcompanies dynamic optical saturation is a new practical method of investigating 

molecular material at far inKa red frequencies. 
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Introduction 

The term ‘optical saturat30nW is usually applied to the physical dielectric and optical effects of a 

powerful laser fiitd in condensed molecular matter, r-5 The tight iotcnsity conveyed by a laser beam can be so 

great as to cause si1uraLi0n. The ntio 

goes to infinity. where E is the ckctric field component of the clatromagactic field. p is the molecular dipoIc 

moment. k the Boltzmann constant mad T the absolute tanpcmtm.Thcre arc atso second order and higher 

order saturation dT&s induced by the same ficld_Tht Inscr beam reorientation occurs following a 3.0*10-r 

giant ruby laser pulse of rpprox. 109 to lOta V m-r. Monitoring of the far infia red spectrum by 

interfcromct@ during the application of the pulsa would cnabla the mc;uurcment of bircfringcnee and 

dichroism in the &es mutually pcrpcndlculnr to those of the etcctromagnctic field. Computer simulation is a 

convcr&nt way of estimating numcricalty the extent of this bircfringcna a& a function of the applied field 

frcquency.Thb could be measured experimentally by varying the frequency of the giant ruby laser field while 

urlng fast detector time resolved far infm red intcrferomctry 7 lo measure the extent of the bhefiingena for 

each ruby lawr frcqucncy.Thc information obtained by a combination of numerical and upcrimcntal tcch- 

niqucs in this way would lx of interest in the investigation of non linear molecular dynamia frr response to 

intense afiplicd cIcclromngnclic fields _ In chiral molcculesl there is the cxta dimension of circular dichroism. 

uhich could be utiliscd for the analysis of tbc different response of cnandomer and raamic mixturt. 

Theoretical Background 

Tbc giant ruby laser field has a &or potential which may be wriltcn as 

A - Rc( An cxp(iirr - WI)} 

and related to the electric and magnetic field intcnsitia by 

E-ikA (2) 

H-13txA (3 

Here k is the wwc vector. r a vector displacement in the direction in which the field Ir apptied. o the frc- 

qucncy of the laser field and t the timcThe wave vector is delIaed by 

whcrc n is a unit vector In the direction of propagation of the wave-If the fietd is circularly pohriscd it may 

bc wrinen ti 

4 - cos(Qlr - kx) (5) 

E= - cin(w - tr) (6) 



and is termed left or right circularly polariscd according to the sign in the second equation 

For ckctromagnctic radintion c is the Ppccd of light. but for thermal neutrons this is rcplaccd by the 

neutron beam velocity . The wave vector fiir neutron beam induced bircfringeoa is thus much grcatcr in 

magnitude than the equivalent for laser induced bh-cfrin~ncc and in this case the factor 

k.r 

is not negligible with rcspcct to 

Wr- 

For laser induced bircfrin~ena the former is negligible compared with the latter for ficqucncics up to. 

IOlJ.Thc laser field equations can thrreforc be written as the circularly polarised electric field equations (5) 

and (6) in this npproxi&ion_ 

The magnetic component of the giant ruby laser ficld is r&ted to the electric component through the wnvc 

vector. viz 

k 
H---xE 

k (71 

and this means that the mngnctk component as well as the clcctric compnent cau product bircfringcncc in 

the far infra red region. 

Electric Field Induced Bikftingence 

The electric field induced bircfringencc is induad via the torque gcncratcd bctwecn Ihe clcclric field 

vector and the molecular dipole moment Q). Similarly there is a bircfkingcncc generated bctwccn the magnetic 

componcm of tbc clecrromagnctic field and the clcctric dipole moment 

03) 

In this paper the cfkct of these torques is simulntcd using 108 water molcculu nnd 6.000 time steps. 

Computer Simulation Methocis 

The methods used to rimulatc the dawlctpment of bircfringencc arc based on the conskt volumc~0 

algorithm TETRAThc ~hcrrnol torques generated by intermolecular forcu are sapplcmcntcd by PI torque due 

LO the cant ruby laser pulsc_Thc dynnmiml trajcctorics arc then gcncratcd over a total of 6OCKl time skps of 

0.5 fs each and used IO evaluate the time correlation functions by running time avcra&ing.The intermokculnr 

pair potcntinl for the energy bctwctn LWO water molcculcs is a five by five si~c site model bawd on Lcnnard 

Jones pnd partial charge terms as dcscribcd fully clscwherc in tke litcmturc.Off~iagonal clcmcks of the cross 

correlation ~cnsors are generated with transposition and normnkation as dcscribcd fully clscwhcrc. 
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. F igure  ( I ) .  (a) B| refr ingence in the r o t a t i o n a l  veloci ty  a.c.f,  induced  by a field o f  I0  xt H ~  (b)  (y,  z) a n d  
( ~  y)  e l emen t s  of the  ro t a t i ona l  veloci ty  a.c.f .  (c) Bircfr ingenoe in the  ro t a t i ona l  ve loc i ly  a .c .L  induced  by  
a field o f  10is Mr_. (d) LY, z) and  (z, y) e l emen t s  o f  the  ro t a t i ona l  veloci ty  a.c.f.  (e) Birefr ingence in the  
ro ta t iona l  veloci ty  n.c.f,  i nduced  by  a field o f  10*4 l-Lz. (f) (y,  z) a n d  (7., y )  e l emen t s  o f  the  r o t a t i o n a l  
velc~ity a . c . f .  (g) Birefr ingence In the  r o t a t i o n a l  veloci ty  a.c.f ,  induced  by  a field o f  10 lb Hz.  (h)  (3', z)  
and  (z, y) e l ements  o f  the ro t a t iona l  ve loc i ty  a .c .L  

Results and Discussion 

The  sequence o f  f igure i  in this  sec t ion i l lus t ra te  the  effect  o f  increas ing the ruby I H e r  field f requency  on  

the birefringence., us measu red  th rough  the  d i f ferent  t ime dependence  o f  c o m p o n e n t s  o f  the  r o t a t i o n a l  ve loc i ty  

and  o r l en ta t iona l  au tocoTre ta t ion  fiil~ctlon~. T h e  first  sequence  (F ig .  ( l a ) )  i l lus t ra tes  the  effect  o f  increas ing  
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2. Figure (2). As Tar Fig. (I), orientational a.& and olkliagonal elements. 

the ruby Inscr li-cqucncy over order of magnitude& lower laser fitld frcqucncics (Fig. (la)) the bMiingcncc 

begins to appear superimposed on the field oscilhttioarThe olT’ingona1 (y. z) and (z. y) elements or the rob- 

tional vclocily a.c.T. appear in the labomtory rramc of rcr&mcc with the application of the &ant ruby laser 

lield over an in~crvnl of about 0.2 prThis shows that it is frwiblc to UK sub picosecond pulses or the giant 

ruby laser to induce bh-crrIngct.ta in waict.The fiwcsx Mia ted dctcctorr have response titncr in the 

nanosecond mngc.Thercrorc Ihr inrm-red dichroism and bkfrin~enca can be observed practically with tmins 

OT sub picosecond pulse or total duration in the ornosccond ran&c_Thc presence simulation deals with the 

cTTcct of one pulse or about 0.2 ps. 



The amplihdc ot tic offdiagonal ekrncnl~ is a measure or UR birhingena and is depcndeot CID the 

frequency or Ihe ruby her Geld This is illustrated in Fig (1). Although the ofhlisgonal clancnts cannot be 

directly observed upcrimcntally they am be estimated by interpreting tht ruby lnser uqxrimcnt with nmncr- 

ical computer simulation. 

The equivalent or Fig. (I) Tar rht oricntntionul a_cJ. and oKdiagonal clement= are illmmted in Fig. (2). 

where the birehingence is chrly dependent on the field fqucucy. 

In conclusion, the dispersion oC her induaxl Tar infra-red bireriinpnce seems to be I new method of 

chamcrcrising opti- saturation cffmls in molecular liquidr 

Acknowledgement 

1B.M. is thnnkcd Tar the award ora malting ProTcssorship lo MWE 

References 

1. 
-I 
-_ 

3. 

4. 

5. 

6. 
7. 
8. 

S. Wozniak. J. Chcm. Phys_, 85<8), 4217 (1986). 
S. Kiclich. ‘Dielectric and Rclatcd Molcculnr Procuscs~. vol. 1. (Chem. Sot. London. 1972. Speciulisr 
Periodical Report). 
W. T. CofIcy. M. W. Evans, and P. Grigolini. ‘Molccultlr DifTiislon’, (Wiley / Intcrscicncc. New York. 

1984). 
‘Memory FuncJon Approaches to Slochastic Problems in Condensed Mnwx’. cd. M. W. Euanr. P. 

Grigolini. nnd G. Pustori-Parravlcini. ser. cd. I. Prigoginc and S. A. Rice, ( Wiley / Inrerscicncc. New 
York. 1985). 
Mvl. W. Evnns.G. J. Evans. W. T. Colky and P_ Grigolinl. ‘Mokculnr Dynamics’. (Wiley 1 Inrcrscicnce. 

New York. 1982). chnpkr 2 on intense Geld elTu%s. 
G. Chn;rtry ‘SubmillimcLrc Spectroscopy”, (Aclldcmic, New York. 1951) 
M. W. Evans. Technical Report ror Brukcr Spcclrospin, (1987). 
M. W. Evans. Phyo. Rev. Letters, 50.371 (1983). 


