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Abstract We measured the gyromagnetic fac tors  o f  the molecule NO2, i n  
the Zeeman E f fec t ,  under h igh  reso lu t i on  spectroscopy. We g o t t h e v a l u e s  
0.103f0.007; 0.060+0.005 and 0.045t0.004 f o r  the components a, 6 and y 
respect ive ly ,  by apply ing a magnetic f i e l d  iof 40 Gauss. F o r  f i e l d s  
greater  than 1 k i logauss we observed decoupllng o f  the e l e c t r o n i c  sp in  
t o  the r o t a t i o n a l  angular momentum o f  the molecule.Under t h i s  cond i t i on  
we obtained f o r  the gyromagnetic f a c t o r  the  va lue 1.86k0.25. 

1. INTRODUCTION 

Polyatomic molecules have i n  general smal ler  magnetic d i p o l e  

moments than s impler  molecules o r  even atoms. This i s  a r e s u l t  o f  the 

coupl ing o f  the several angular momenta o f  the atoms c o n s t i t u e n t s o f t h e  

molecule. 

This coupl ing,  nevertheless,can be changed i n  the presence o f  

st rong magnetic f i e l d s ,  because a l l  the momecta a l i g n  along the 3 d i -  

rec t i on .  I n  p a r t i c u l a r ,  the e l e c t r o n i c  sp in  no longer couples t o  the 

r o t a t i o n a l  angular momentum o f  the molecule as i n  the case o f  the NO,. 

Using the technique o f  h igh  reso lu t i on  spectroscopy, f r e e  from Doppler 

E f f e c t  and Zeeman Effect ,  we determined several gyromagnetic f a c t o  r s  

o f  the NO2 molecule f o r  weak and s t rong magnetic f i e l d s .  

2. EXPERIMENTAL ARRANGEMENT 

I n  order  t o  prevent the Doppler E f f e c t  from t h e  a b s o r p t i o n  

spectra, we exc i t ed  a molecular beam o f  NOz w i t h  the l i n e  514.5 nm o f  

an ion Ar laser  perpend icu lar to  the molecular beam v e l o c i t y .  The obser- 

va t i on  d i r e c t i o n  o f  the absorpt ion spectra had the same d i r e c t i o n  as 

the molecular veloci t y .  The whole apparatus was descr i  bed by R.  Schmiedll 
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e t  aZ. An e ta lon  was inser ted  Ins ide  the resonance c a v i t y  o f  the laser  

i n  such a  way t h a t  by t l l t i n g  i t  we cou ld  change the  output  l ase r  f r e -  

quency i n  a  range o f  7 Gigahertz around the fundamental l i n e  514.5 m. 

3. RESULTS AMD DISCUSSIONS 

M i t h  the  e l  i i l n a t i o n  o f  the  Doppler E f fec t ,  the a b s o r p t  i o n  

l i new id ths  were reduced t o  some MHz, and severa1 absorp t ion  peaks were 

c l e a r l  y  seen i n  the t o t a l  scanned range o f  7 GHz, as can be seen i n  f i g -  

u re  1 .  

Fig.1 - High reso lu t i on  absorp t ion  spectra o f  NO, I n  a  frequency range 

o f  7 GHertz around the 514.5 nm ernission l i n e  o f  an Argon i o n  1aser.Two 

sets  o f  absorp t ion  1 ines i n  the t r a n s i  t l o n  N' = 3 +4 ( r o t a t i o n a l  quan- 

tum number o f  the molecule) between s ta tes  having para1 l e l  and an t i - 
p a r a l l e l  spins a re  ind ica ted.  The a, 6 and y components r e f e r  t o  J+1, J 

and J-1 respec t i ve i  y.  

This absorp t ion  spectra corresponds t o  a  t r a n s i t i o n  b e t w e e n  

the fundamental ' A ~  and the exc i t ed  e l e c t r o n i c  '6, s ta tes  o f  t h e  NO, 

molecule. According t o  the measurements o f  F.  paech2 e t  a2 , th i s  absorp- 

t i o n  a l s o  shows small con t r i bu t i ons  from the '8, ( i t  has a  decay h a l f -  

-1 i f e  o f  30 ps which i s  shor ter  than 105 ps  o f  the  '6, s t a t e  ) . Some o f  

the absorpt ion peaks shown I n  F igure  1 belong t o  t rans i  t i o n s  b e t w e e n  

l eve l s  o f  known r o t a t i o n a l  quantum number N. For example,the t r a n s i t i o n  

N = 3 +4 between l eve l s  of p a r a l l e l  and a n t i p a r a l l e l  spins shows s i x  

peaks corresponding t o  J+1, J and J-I. The components o f  J = N+1/2 have 

an energy d i f f e rence  o f  approximately 4.5 GHz. These quan tum numbers 



have been determined by R.  ~ c h m i e d l '  e t  aZ. Figure  1 shows i n  a d d i t i o n  

severa1 absorp t ion  peaks corresponding t o  t:ransi t ion  between higher ro-  

t a t i o n a l  angular momenta. By ad iaba t i c  coo l i ng  o f  the  molecular beam i t  

i s  poss ib le  t o  e l im ina te  the m a j o r i t y  o f  these h igh  r o t a t i o n a l  angular 

momentum absorp t ion  peaks between the components mentioned above. The 

c001 l ng  process was descr i  bed by Boni 1 l a  and ~ e m t r 6 d e r ~ .  The simpl i f  ied  

absorp t ion  spectra a f t e r  coo l i ng  i s  shown i n  F igure  2. I t  i s  observed 

t h a t  between the  two mentioned sets,  o n l y  f ou r  components corresponding 

t o  the t r a n s i t i o n s  844 + 94K and SI4 + 6K-K+ renain.  (Onl four components 

are  d i s t i ngu i shed  because the a and 1 ines o f  the  t r a n s i t i o n  844 -t 94K 

a re  superposed t o  the B and y o f  the t r a n s i t i o n  5 1  
+ 6 K - K + .  See R.. 

Schmiedll e t  aZ.). 

F ig .  2 - The absorpt ion spectra o f  NO2 i n  the same frequency range o f  

Fig.1, a f t e r  ad iaba t i c  coo l i ng  o f  the  molecular beam. Only l eve l s  w i t h  

low r o t a t  iona l  quantum numbers remain. 

In f i g u r e  3 the th ree hyper f ine  components a, i3 and y o f  the 

absorpt ion 3 , 3  + k 1 4  ( J  = ~ + 1 / 2 )  a re  shown i n  d e t a i l  a f t e r  a d i a b a t i ç  

c001 lng.  We obtained the value o f  8.12 MHz f o r  the measured 1 i n e w i d t h  

o f  the  t r a n s i t i o n s .  The l i n e w i d t h  i s  exper imenta l ly  l i m i t e d  by the re-  

s idua l  component o f  the  v e l o c i t y  perpendicular  t o  the  molecular beam, 

s ince the  so l  i d  angle o f  the c01 lec ted l i g h t  was 0.02 sterorad.  (f/6). 

These th ree components r e s u l t  from the hyper f ine  i n t e r a c t i o n  o f  the 

nuclear mornentum I = 1 o f  the  n i t r ogen  nucleus. I t  i s  a s t rong i n te rac-  

t i o n ,  s ince f o r  magnetlc f i e l d s  up t o  2.25 kGauss we d i d  not  observe 

any deccupl i ng  . 
By app ly ing  a magnetic f i e l d ,  these hyper f ine  1 i n e s  f i r s t  

showed a broadening f o r  each o f  the components. At  a f i e l d  o f  40 Gauss 



Fig .  3 - The th ree hyper f ine  components a, f3 and y 

o f  the t r a n s i t i o n  3 + bI4. This r e s u l t s  f r o m  t h e  
13 

coup l ing  o f  the r o t a t i o n a l  quantum number o f  the mol- 

ecule,  t o  the nuclear sp in  I = 1 o f  the  n i t r ogen  n u -  

c leus.  The l i new id th  f r e e  from Doppler e f f e c t  and 

a d i a b a t i c a l l y  cooled . is about 8.12 MHz, due t o  t h e  

s a a l l  perpendicular  component o f  the molecular beam 

v e l o c i t y .  

there  i s  an over lap  o f  the 24 components,as can be seen from F igure  4.  
From t h i s  data, and from the values o f  Figure 3, we ca l cu la ted  the  d i f -  

ference between the yyromagnetic f a c t o r s  o f  the  exc i t ed  and fundamental 

s ta tes  t o  be 

0.103 -t 0.807; 0.060 _+ 0.005 and 0.045 2 0.004 

f o r  a, and y, respec t i ve l y .  

For magnetic f i e l d s  higher than 1 KGauss weobserveddecoupling 

between e l e c t r o n i c  sp in  and r o t a t i o n a l  angular momentum. The momentum 

o f  the NO, molecule becomes the e l e c t r o n i c  sp in  1/2. 

From the s p l i t t i n g  o f  these two components (5=21/2) ,  by  i n -  

creasing the magnetic f i e l d  (Fig.  5),we measured thegyromagnet ic fac tor  

g = 1.8620.25. The spl i t t i n g  o f  the o the r  l ines were omi t t e d  f o r  the  

sake o f  c l a r i t y .  



Fig.4 - Under a magnetic f i e l d  o f  40 Gauss, the 2J+ 1 1 ines o f  the 

a, 6 and y components completely over lap,  s ince the natura l  l i n e -  

w id th  betomes greater  than the l i n e  separations, f o r  t h e t r a n s i t i o n  

313 + 4 ~ 4 .  

L3rown4 and o thers  measuted t h i s  g f a c t o r  f o r  the same t r a n -  

s i t i o n  w i t h  h igher accuracy by o p t i c  microwave double r e s o n a n c e  and 
O 

reported the value o f  1 -99984. The accuracy discrepancy be tween these 

measurements i s  because magnetic f i e l d  strcingth o f  2.25 kGauss t h a t  we 

worked a t  i s  no t  s t rong enough t o  completely decouple the sp in  and the 

r o t a t i o n a l  angular momentum. Th is  i s  j u s t , i f i e d  by observir ig t h a t  t h e  

energy d i f f e r e n c e  o f  4.5 GHz between p a r a l l e l  and a n t i p a r a l l e l  coup l ing  
+ 

a t  B = O i s  l a rge r  than the spl  i t t i n g  e n e r g y  a t  2 . 2 5  kGauss.  W. 

~ G t t n e r ~  made both a t heo re t i ca l  ana l ys i s  o f  the Zeeman E f f e c t  i n  NO, 

and some measurements on the t rans  i t i o n  8 08 "17 f o r  f i e l d s  up t o  22 

kGauss .  

The measured l i n e s  are  v components conf i rming the s e l e c t i o n  

r u l e  AM = AM, = 0. 
S 

The author thanks Pro f .  W. ~emt rg t l e r  f o r  the use o f  h i s  lab-  

o r a t o r y  a t  the U n i v e r s i t y  o f  Ka isers lau tern  (BRO) and f o r  h e l p f u l  d i s -  

cussions on some aspects o f  t h i s  work. 
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Flg.5 - Energy s p l l t t i n g  o f  the two components o f  the 

molecular sp ln  o f  NO,, i n  the  t r a n s i t i o n  3 4 13 14 mder 
higher magnetlc f i e l d s .  W l  t hou t  magnetlc f l e l d  (bottom 

of the f i g u r e ) ,  the  sp in  couples t o  t h e  r o t a t  i o n a l  

,angular momentum o f  the  molecule. Th ls  c o u p l  I ng i s 

c l e a r l y  destroyed f o r  magnetic f i e l d  s t rength  greater  

than 1 kGauss.  The s p l i t t e d  spectra f o r  the remainder 

peaks located between these we have discussed, a re  

cxnitted f o r  the sake o f  simpl i c i t y .  
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Resumo 

Usando a técnica de espectroscopia de alta resolução, medimos 
através do Efeito Zeeman, os fatoras gi romagnét icos da molêcula NO2, pa- 
ra campus magnéticos fracos até 40 Gauss, que mantêm o acoplamento en- 
tre o spin eletrônico e o momentum angular rotacional da molécula, en- 
contrando os valores 0.1 O3tO.007; 0.60'0.005 e 0.04510.004 para os com- 
ponentes cl @ y respectivamente e o valor g = 1.86+0.25 para campos 
magnéticos fortes acima de 1 ki logauss, onde houve desacoplamento. 


