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412 ESPERON, ALMANDOS, AND SUAREZ 

region. For t h o  Y0l8 rpeolo wo ropor t  t h e  conatan t8  

for t h e  first tlmo, and f o r  t h o  YO '6 
od va1uoo.- 

wo r e p o r t  rovio- 

UTRODUOZION 

Out of 8bout 1000 l ead ing  diatomlo compounds only 

about 000 h a l l  havo  bee^ prodUOOd and opootroocoplcal-  

l y  analyrod ( 1 ). a0 important rorio ia t ho  porlodio- 

a1 t a b l o  is  t h o  on0 t h a t  lnoludoo t h o  raro-oar tho . 
Aaoag thorn, 900, YO, and IPO am vory l a t o r e e t l n g .  For 

thom low l y i n g  l o v o l s  havo boon prodlotod ( 2 )  and 

f o r  IPO t h o  0.80 ha8 a l n a d y  boon ootab l l shod  (3) .  
A8 aoon a8 now band8 a ro  producod it would bo 

l a t o r o 8 t l n g  t o  doeldo whothor thry w o  r o a l l y  part of 

OOW 8J8tOa8 O r  aOM1y U 8 O O n  momborr Of o ld  8yBtem8. 

Q10 way of obaoklng would bo using t h o  b o s t  oonotaato 

a v a l l a b l o  t o  prodlo t  o r  ohook band hoad po8 i t ioa r .  

In t h i 8  papor uo prooont a v i b r a t i o n a l  analye18 of 

t h o  Yttrium Noaoxldo rpeotrum l a  t h o  bluo Md red roglonr .  

Th18 UlalyOi8 lnOlUd08 0 ~ 8 i d O r 4 t l ~  of both Y0l6 

YO" 

ed br Woggors and Uhoolor (41, Johnron and Johnron ( 5 ) ,  

aad Uhlor and h o r l i o d  (6) . Aaoordlag t o  tho. tho 

. ad  

8poolo8. p n v l o u o  r tudy  of t h 1 8  molooulo a r o  r epor t -  
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BLUE AND RED SYSTEM OF Y0l6 AND YO1* 413 

We phOtOgr8phed t h e  SpeCtruPl by Pe€ul8 Of an Ebe& 

mounted plane g r a t i n g  epeotrograph w i t h  a r u l e d  area 

of 56x128 ~m and 600 gpm. Th le  inetrument  provided 

a dieporaion of around 4.8 wnm 

t h e  v i b r a t i o n a l  ana ly r io .  &a a eource of l i g h t  we u.- 

2 

t h a t  was i dea l  for 

ed a low preeeuro a r c  chamber e x c i t i n g  99.9 $ pure 

Yttrium elec t rodeo  w i t h  7000 Volt8 ln  an atnosphare of 

oxygen 18 at about  250 Tom,  and of oxygen 16 at 760 

Torr. Before f i l l l n g  t h e  ohanber w i t h  t h e m  gases we 
-5  - 

pumped it out  t o  below 10 Tom. W i t h  c u r r e n t  of 

under o m  ampore t h o  oxpoeure time n q u i r e d  t o  obta in  

t h e  s p e o t m  var ied  froa 1 t o  15 minutes on Kodak 1030-F 

platoo.  Heaourements wero done by me8no of a G r a n t  eom- 

p a r a t o r  and the  data reduot ion and proooreing w i t h  an 

IBH 360/50 conputor. ~e a 8tmdPrd of comparison wo uoed 

Thorium l l n o o  oompllod by Glacohe t t l  o t  all. ( 7 ) .  

DUCHIPIIIW OF SPECTRA 

0 
The r e d  r y r t e 1  i e  loaated between 5700 and 6700 A. 

2 0 
16 oentared a t  5972 A The 0-0 band of t h e  'q2- 

0 16 # 18 
A for t ho  YO rpoole. For YO they-an  at 5770.6 

urd a t  5842 A, n r p ~ o t i v e l ~ .  In 080h band t h o  s t r o ~ g o r  

featwee a ro  rapraoonted by t h e  R branoh irr t h e  r i r o t  

a d  t h e  0-0 of t he  2n 9 'r rubegr teo  ir at 6132 

0 

2 
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414 ESPERON, ALMANDOS, AND SUAREZ 

case, and by tho  Q branoh i n  t h o  socond case. In t h i s  

e l e c t r o n i c  t r a n r l t l o n  o f  YO t h e  l n t e n r i t p  l a  concent ra t -  

ed on t h e  t h r e o  leading  sequonces, namely, thoso with 

A v  = 0, +I , and - 1 .  Tho sequence 4 v  P - 1  of tho  3/2 

aubsyrtem overlaps t h e  sequenoe w i t h  A v  = +1 of t he  1/2 

1 

subsyetem. 

T h e  blue system 18 loca tod  betw0.Q 
0 

with t h e  0-0 band a t  ebout 4818 A for 
18 

end a t  4817 f o r  YO . I n  both oases 
2- 2 7  

0 
5300 end 4500 A 

16 
t h e  YO opoale 

t h o  doublot s p l l t -  

t i n g  aOrZWSpOQdbg t o  t h e  L. - L t r a n s i t i o n  is o lea r -  

ly reoolved. Also in t h i s  t r a n a l t l o n  tho three l ead ing  

sequenooe are t h e  s t ronges t  onos M d  the  only a e e ~  on 

our  p l a t e s .  The o v e r a l l  i n t o ~ s i t y  of t h i s  rystem !a very  

much weaker than t h a t  of t h e  red system. I n  f a c t ,  the 

i n t e n s i t y  of t h e  3-3, 4-3, m d  3-4 bands were so weak 

t h a t  wo oould no t  moesuro t h e m  w i t h  eacuracy and f o r  

t h e t  Masou they am no t  repor ted  horo. 

VXBRATIUAL ANALYSIS 

To m a l y s o  both spectre wo oomplotod tho  Doelendno 

t a b l o s  f o r  tho bluo ryetom and f o r  each rubryeton of t h o  

n d  tr-sitiO!l, A l m O 8 t  uaneoeroery though, WO usod t h 8  

i r o t o p l c  s h i f t  p ropor t lor  f o r  such a t e a k  a o a f i r o i n g  

pnvioua v i b r a t i o n e l  aarigamoat of  YO 
16 . 

I n  ordor t o  obtain tho  ~ l b r 8 t i 0 1 m l  o o n r t m t r  wo usod 

tho rol lowing formula; ( 8 )  
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BLUE AND RED =STEM OF Y0l6 AND YOL8 415 

for the v i b r a t i o n a l  term, M d  t h e  f l r e t  and oecand difforea-  

ceo,  r e e p e o t i v e l y .  W and u) x are t h e  v i b r a t i o n a l  

c o n o t m t e .  
r e  a e  

In Table I we r epor t  t h e  band head meaeurenento f o r  

t h e  red eyetem of both  speoloo.  In Tsble I1 the  figurea 

are given for t h e  b l u e  eystem. Table 111 show8 t h e  vlbra- 
16 18 

ticmal c o n e t a n t o  for YO . Table I V  i a  f o r  YO . 
Rooalcula ted  p o o l t i o n  of any band shows t h a t  t h e  maxi- 

- 1  
mun d e v i a t i o n  1s always under  3 om , and l n  most aasea 

i s  under  1 cm , u e l n g  t h e  c o n s t a n t s  giron. 
- 1  

Aa a f i n a l  check of t h e  c o r l u a t n e s a  of our determi - 
n a t i o n  we c a l c u l a t e d  t h e  r a t i o  between related c o n e t a n t e  

of each e p e c l e  and found e a t l e f a o t o r y  result@, as shown 

I n  Table V. It 10 eeen t h a t  t h e  agreement between t h a o r a t l o -  
2 

a1 and c a l c u l a t e d  9 v a l u e  l a  e x c e l l o n t .  For f t h e  

agreement l e  only  f a i r l y  Eood because t h e  accuracy  

of t h e  s n a l l e r  v i b r a t i o n a l  c o n e t a n t s  Involved should 

be Improved , b u t  on ly  by the mean8 of complete  rota- 

t i o n a l  a n a l y e l e  where a l l  tbe band o r l E l n a  can be 

determined. 
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416 ESPERON, ALMANDOS, AND SUAREZ 

Table I 

Bandheads,in cm-', of YOI6 and YO". Red system (2%,j 2r ) 

Band Y0l6 YOl8 Band YO16 YO18 

1-0 

2- 1 

3-2 

4-3 

5-4 

6-5 

7-6 

8- 7 

9-8 

10-9 

11-10 

0-0 

1- 1 

2-2 

3-3 

4-4 

17545.70 

17496.42 

17446.92 

17395.63 

17343.56 

17290.89 

17236.62 

17181.52 

17124.22 

1700.16 

16740.18 

16696.44 

16652.18 

16607.02 

1656 1.05 

17506.96 

17460 .*61 

174 13.37 

17365.34 

17316.31 

17265.85 

17216.01 

17164.62 

17110.96 

17056.52 

167 39.64 

16697.88 

16655.97 

16613.34 

16569.58 

5- 5 

6-6 

7-7 

8-8 

9-9 

10-10 

11-11 

12-12 

0- 1 

2- 3 

4- 5 

5-6 

6- 7 

7-8 

8-9 

9-10 

165 13.99 

164 1 7.40 

16365.70 

16315.58 

15737.75 

15694.57 

15652.40 

15606.90 

1556 I. 94 

15512.46 

16525.40 

16479.26 

16434.19 

16390.60 

16345.10 

16295.30 

16252.46 

16204.40 

1593 1.39 

15855.04 
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BLUE AND RED SYSTPi OF Y0l6 AND YO" 

Table I1 

417 

Bandheads, in cm-l, of YO l6 and Y0l8. Red system ( 'r+- 2r ) 

Band Y0l6 YOl8 Band YOI6 Yola 

1-0 

2- 1 

3- 2 

4-3 

5-4 

6-5 

7- 6 

8- 7 

0-0 

1-1 

2- 2 

3-3 

4-4 

5-5 

171 12.90 

17063.50 

17013.23 

16691.91 

16909.48 

16855.49 

16801.99 

16748.69 

1630 3.02 

16259.98 

16215.90 

16170.84 

16124.94 

16077.96 

17073.06 

17027.71 

16980.23 

16931.94 

16882.61 

16832.08 

16779.24 

16731.42 

16303.21 

16262.12 

16220.35 

16 177.68 

16134.24 

16089.77 

6-6 

7-7 

8- 8 

9- 9 

10-10 

11-1 1 

0- 1 

2- 3 

3-4 

4-5 

5-6 

6- 7 

7-8 

8-9 

16029.42 

15931.66 

15880.10 

15827.69 

15773.12 

15455.9 1 

15377.40 

15337.10 

15295.98 

15253.9 3 

15210.52 

15167.05 

16044.18 

15995.26 

15951.23 

15905.16 

15855.04 

15802.52 

15493.50 

15421.32 

15382.84 

1534 3.87 

15303.81 

15176.19 
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418 ESPERON, A U U N D O S ,  AND SUAREZ 

Table I11 

and YOl8 Blue system ( 2e - Bandheads, in cm-', of YO l6 

~~ 

Band Y0l6 YO 

1-0 

2- 1 

3-2 

0-0 

1-1 

2-2 

0- 1 

1-2 

2-3 

2 1503.56 
21498.30 

2 1380.55 
21378.04 

21249.73 
21246.66 

20752.09 
20748.64 

20646.76 
20643.34 

20531.36 

20258.57 

19897.6 1 
19893.97 

19797.58 
19794.18 

19687.76 
19684.64 

21467.05 
21464.34 

21350.97 
2 1348.10 

2 1222.4 1 
2 12 18.99 

20753.25 
20750.17 

20653.45 
20650.40 

20542.20 

20538.80 

19939.77 
19936.34 

19844.61 
19841.43 

19739.22 
19735.44 
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BLUE AND RED SYSTEM OF Y 0 l 6  AND Y 0 l 8  419 

Table I V  

18 - 1  Vibrational  constants  f o r  YO l6  and YO . In c m  . 

S t a t e  YOI6 Y 0 l 8  
(from 

v x  W v x  e e  e e e  t r a n s i t i o n )  we 

B ( ' r - " L ) 7 6 5 . 7 8  7 .92  730.96 8 . 4 3  

A ( 'nyt-'I] 814.47 3 .15  775.29 2 .85  

(, '&,,-'~ 8 12.29 3 .02  772.29 2 .55  

X ( ' ~ ~ - ' ~ )  855.21 2.50 814.90 2.34 

(tl,jL- 'e )  854.50 2 .52  813.62 2 . 2 8  

(zr - 'z) 860.88 2.87 819.16 2 .64  

System 
o r i g i n s :  2f -'L 20797.64 20795.95 

5 -2.z 16323.78 16323.57 

a, 2-2 1676 1 . 2  1 16760.03 
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Table V 

ESPERON, ALMANDOS, AND SUAREZ 

i 
Relationship between vibrational conatants( P w i f w  and p2 = wx /wx 

7 L 2  
2 

B 2z 27r+ x2L 

0.95 0.95 0.95 0.95 9,,, . 

f 2 0 B S .  1.06 0.84 0.90 0.92 

= 0.905 2 f THEOR. = 0.95 

C ON C US1 UN S 

16 18 
We have obtained the spectra of  YO and YO 

with  a resolution of around 60,000 , and measured 66 
16 18 

band-heada i n  YO , and 61 i n  YO a t  a d iepere lm 

of 4 .8  A/mm. We estimate t h a t  t h e  aocuracp of our  

meaeuremente l a  about 0.1 am taklng i n t o  account 

the uncertainty produced by band edge8 not well def ined,  

- 1  
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BLUE AND RED SYSTpi OF YOI6 AND Y0l8 421 

o v e r l a p p i n g e ,  and i n  leany c a s e e  u n d e s i r a b l e  f e a t u r e a  

l i k e  s t r o n e  atoleic l i n e e .  

T h e  v i b r a t i o n a l  c o n s t a n t s  el-ould a g r e e ,  w i t h i n  

expe r imen ta l  e r r o r s ,  when a comeon l e v e l  from which 

t h e y  are  d e r i v e d  is ahared.  T h i s  ie t h e  c a s e  If we l o o k  

a t  t h o e e  f l e u r e s  produced by t h e  a n a l y e i s  of  t h e  l ower  

l e v e l  of b o t h  red sub-eyatems i n  e i t h e r  e p e c l e s .  uowever, 

a d i s c r e p a n c y  1s sbown when t h e y  are  compared w i t h  t ho -  

B e  ob ta ined  from t h e  a n a l y s i s  of t h e  b l u e  systelc ,  f o r  

t h e  6amc Comnion lower  l e v e l .  Me a t t r i b u t e  t h i s  d i e  - 

, 

crepancy t o  t h e  fact  t h a t  t h e  v a r i a t i o n  in t h e  band- 

head t o  band-o r ig in  d i s t a n c e  Is d i f f e r e n t  f o r  b o t h  

t r a n  e I ti on a.  
16 

F i n a l l y ,  w e  found t h a t  t h e  c o n s t a n t s  f o r  YO agree 

w i t h  t h o s e  r e p o r t e d  by Johneon and Johnson. Some bands 

t h a t  t h e e e  i n v e s t i g a t o r  l i s t  cou ld  n o t  be found by US. 

1 -  C.B.Suarez, OPI'ICU ruriir Y cllLIC~ijA,1974,1,133-140 

2- K.D.Carlaon,E.Ludena,and C.Moaer, J.CHEb1. PFYS. 

1965, 9,2408. 

3- D. w . Green, J . P ~ O L . ~ P U ' ~ X Y  . , 1 971 ,s, 1 55. 

4- W . F . ~ e g g e r s , J . A . W h e e l e r s , N ~ . ~ . ~ ~ ~ ~ . J . ~ . , 1 9 3 1 ,  

6,  239 
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