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Abstract 

Photolysis o f  NO i n  the vacuum u l t r a v i o l e t  yielded N2, 02, 

NO,, end N,O. 

l i n e  o f  bromine, the N2 i n i t i a l l y  formed was found t o  be enriched i n  

nitrogen-15. The dependence of the enrichment on several parameters 

was studied, including temperature, pressure, the i n i t i a l  isotope 

rat io, and i n e r t  gases. 

produced i n  the photolysis was due t o  re la t i ve l y  more N1”O k i n g  ex- 

c i  tedp and reacting before isotope scrambl ing occurred by energy trans- 

fe r  . 

When the  photolysis was carr ied out using the 1633 A 

The enrichment of the Na i n  NISN1‘+ over N214 

Introduction 

The enrichment o f  isotopes can be expected by photochemical 

methods due t o  the difference i n  absorption coeff icients for any two 

isotopes a t  a specif ic wavelength. Prediction i n  advance for such 

enrichment i s  extremely d i f f i c u l t .  Carbon monoxide has been shown t o  

be selectively excited by the 2062 A iodine 1 ine“ I. The excited CO 

reacts w i t h  CO to  give COO and a carbon which also reacts 

with an sddStiona1 C-0 to produce carbon suboxide &O,); 4 9 c h  has 
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been shown to  be isotopical ly enriched i n  C r 3 ( 3 ) .  

l i n e  i s  absorbed by the CO i n  the Camerson bend (X'Z v = o + a3Uv = 010 

When a similar i r r a d i a t i o n  o f  n i t r i c  oxide was carr ied out using the 

2062 A l i n e  and the 1633 A bromine line, an isotopic enrichment of the 

nitrogen in i  t i e l  l y  formed was observed. 

The 2062 A iodine 
f 

Exper imentel 

The bromine lamp used for these experiments has been described 

i n  Pur i f ied NO was mixed w i t h  a rare gasI usually argon, so 

that  (2) calculat ion o f  the percentage o f  NO reacted could be made by 

a material balance w i t h  the iner t  A t ,  and (b) the e f fec t  o f  an unreactive 

t h i r d  body on the reaction could be studied. The mixture was put i n t o  

the lamp and i r rad iated for  several hours. Samples were removed period- 

i c a l l y  and analysed on a CEC 21-130 mass spectrometero 

sence of  overlapping m/e peaks, the numerical analysis o f  the various 

components o f  the photolysis was carr ied out using standard mass spectro- 

metric correction methods. Pressures of  the various reaction mixtures 

between 100 and 400 mn were used. A t  such pressures, 90% o f  the or ig inal  

NO can be photolyzed within a few hourso The i r r a d i a t i o n  was carr ied out 

a t  three d i f ferent  temperatures: -WC, OOC and 79OC. 

Due t o  the pre- 

Results and Discussion 

The resul ts o f  several typical runs are shown i n  f igure 1 

The x-co-ordinate i s  the percentage of  NO converted t o  N,. The y-co- 

ordinate i s  the t4u,29/N,28 r a t i o  divSded by the normal r a t i o  o f  .0074. 
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As can be seen from th i s  graph, the maximum enrichment obtained i s  about 

a factor of four greater than the normal rat io. This i s  a large enrich- 

ment ratio, compared t o  the separation factors fo r  most isotopic sep- 

arat ion processes. 

I n  the u l t rav io le t ,  the absorption spectrum o f  NO s tar ts  near 

2300 A, and down t o  about 1500 A consists mostly o f  sharp bands(*). I t  

i s  t h i s  sharp band structure that allows the poss ib i l i t y  of separating 

isotopes photochemically, due t o  frequency s h i f t s  i n  the absorption 

spectrum o f  N'5O. Exci tat ion could possibly be t o  any one o f  several 

electronic states which have vibrat ional bands i n  th i s  region, and a 

specific assignment o f  the t rans i t ion  was not possible. 

of the spectral s i tua t ion  three things must be consider: ( 1 )  the sh i f t  

of the absorption spectrum as a function o f  wavelength as determined by 

the speci f ic  level which i s  excited, and i s  usual 1 y i n  the order of 

.1-1.0 A; (2) the width o f  the individual rotat ional  absorption l ines 

are less than .01 A wide and closely spaced; (3) the bromine emission, 

being an atomic e ectronic transit ion, w i l l  be a single l i n e  w i t h  a width, 

of somewhat less than . l A o  

the bromine emission l i n e  may cover one or more rotat ional absorption 

l ines  of both N"+O and N150. 

ef f ic ients  of  the NS4O and the N15O a t  1633 A could d i f f e r  considerably, 

accounting for an enhancement o f  the exc i ta t ion o f  an NO isotope. 

The excited NO reacts, producing N2, N20, NO, (N203), and 0,. 

To get an idea 

From t h i s  we can conclude that, i n  general, 

Therefore, the re la t i ve  absorption co- 
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The fol lowing series o f  reactions may be assumed t o  take place and 

account for the products observed: 

NO, + N 

NO* + NO N 2 0  + 0 

N, + 20 
* 

NO* + NO 3 NO + NO 

N O * +  M + N + O + M  

NO* 4 N + O  

NO + 1/2 0, 3 NO2 

NO + NO + N 2 + 0  

NO + NO 

N + N O 2  4 NZO + 0 

+ N, + 20 

As can be seen from t h i s  sequence, the excited NO produced 

i n  (1) may then react w i t h  anunexcited NO (2a, 2bo or 2c), exchange 

energy (3) or  dissociate (4a or 4b). The atoms produced by the dis-  

sociat ion may then produce additional reactions (5, 6 or 7). 
* 

a This react ion represents oxidation o f  NO t o  NO, which may occur by 
several paths a 

* 
Except f o r  the i n i t i a l  period o f  i r rad ia t iono the products w i l l  also 
absorb the 1633 A 1 ine an react. 



If the e lect ron ic  energy exchange by reaction (3)  was fas t  

re la t i ve  t o  the other reactions, any isotopic se lec t iv i t y  i n  the i n i t i a l  

photochemical exc i ta t ion  would be l o s t  by: 

~150 + ~140 3 ~150 + ~140 . (8 1 
* * 

Since substantial enrichment i s  observed, t h i s  can't be a dominant 

reaction; that  is, the NO must react before s ign i f icant  exchange has 

occurred. If some exchange does occur, however, then the addi t ion of 

a rare i ne r t  gas, such as Ar, would lower the number o f  NO - NO col l is ions,  

thereby decreasing the probabi l i ty  o f  isotope scrambling, and increasing 

the enrichment. I n  both the high and 

low pressure runs, approximately the same amount o f  A r  was added (SO mn 

Hg), SO that  the Ar/NO r a t i o  i s  much higher i n  the low pressure runs, 

where greater enr i  chment was observed. 

resul ts  t o  those obtained w i t h  argon. 

made where the N 1 5 0  was increased t o  about 3% or e ight  times the normal 

isotope abundance i n  NO. Approximately the same resul ts  were obtained 

w i t h  perhaps a l i t t l e  less re la t i ve  enrichment. 

* 

* 

This e f fec t  i s  shown i n  f igure 1. 

Addition o f  Xenon yielded simi 1 ar 

Further experiments were also 

Since the N 1 5 0  appeared t o  be select ively excited when the 

1633 A l i n e  was used, i t  could be expected that the N140 could also be 

select ively excited using another emission 1 ine producing N, depleted 

i n  N15. 

2062 A iodine 1 ine a1 though to  a lesser extent than the enrichment a t  

Such a depletion was observed when NO was i r rad iated w i t h  the 

1633 A. The N,2p/N,2* r a t i o  was approximately 75% o f  the normal rat io.  



6. 

It should be noted that the eneray of the 2062 A l ine, 6.00 ev, i s  not 

enough t o  dissociate the NO molecule (6.49 ev), 

Experiments were conducted w i t h  the bromine lamp i n  which 95% 

o f  the NO was Nl50, and 7.67"k o f  the mixture was Ar. 

selective exci tat ion o f  N150, i t  was expected that the N, formed would 

be enriched i n  NZ3* r e l a t i v e  t o  N2293 however, the reverse e f fec t  

occurred. 

excited. Therefore the overall resu l ts  shows an enhancement of the ex- 

c i t a t i o n  o f  the NO isotope present i n  re la t i ve l y  minor concentration. 

On the basis o f  

The N, formed was enriched i n  N14, as i f  N140 were selectively 

Such a concentration dependence does seem reasonable, since 

the discrete absorption spectrum o f  the NO isotope i s  not expected t o  

be uniform over the ef fect ive l i n e  width o f  the 1633 A l ine.  

assumed that the resul t ing absorption would not be proportional, under 

these conditions, t o  the concentration o f  an isotope, 

the lower concentration, usually N'SO, must from the resul ts observedp 

absorb a re la t i ve ly  greater amount o f  the radiation; therefore, high 

percentage o f  excited molecules w i  11 be produced leading t o  the sub- 

sequent product enrichment, 

U 

c 

It can be 

The isotope a t  

These two effects, select ive absorption and isotope concentration, 

are obviously not mutual 1 y excl usive. Both probabl y occur. The maximum 

observed enrichment for  95% N150 was not as great as that for the 97-99% 
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NI40, so tha t  the select ive absorption must also have enhanced the en- 

rfchment. A run was morde a t  42% N@SO and 58% N140. Since the con- 

centrations were close, the enrichment was found t o  be minor. 
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