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ABSTRACT 

The electronic  bands appearing in  t h e  region 300-330 nm were 
produced in  a low-pressure DC a r c  with beryllium electrodes.  The  bands  

were obtained in  t h e  atmosphere of ordinary water vapour  and  h e a v y  

water  vapour .  From isotope sh i f t  s tud ies ,  experimental  condi t ions and  

t h e  s imilar i ty  with t h e  bands  of isoelectronic BeF, t h e  emit t ing 

molecules were ident i f ied as BeOH and BeOD, respectr ively.  

INTRODUCTION 

The  electronic  spec t ra  of monohydroxide of magnesium, calcium, 

s t ront ium a n d  barium h a v e  been t h e  subject  of numerous studiesl-lO. 

These triatomic molecules h a v e  recent ly  a t r a c t e d  considerable  a t t e n t i o n  

from s p e c t r o s ~ o p i s t s ~ ~ - ~ ~ .  This  a c t i v i t y  i s  p a r t l y  due  t o  the f a c t  t h a t  
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758 ANTIC-JOVANOVIC, BOJOVIC AND PESIC 

laser excitation technique greately slmplified the  interpretation of 

their  electronic spectra which are very complex. 

Although the  BeOH molecule, a s  a part of monovalent alkaline-earth 

compounds, is of spectrochemical interest ,  i t s  electronic spectrum was 

not observed up t o  now. There is only one spectroscopic work on the 

BeOH concerning the  ESR spectrum of the radicalla, and a few theoreti- 

cal studies 19-21. 

The results of ESR study were interpreted by Brom and Weltneria as 
arising from high ionic linear molecule. The ab  initio calculations, 

made by Hinchliffelg and Abashkin and Dement'evzo, support such 

interpretation. Recently, Palke and Kirtmanzl have presented the 

results of an additional theoretical work, which predicts BeOH as a 

quasilinear molecule. 

We have surveyed the  emission spectrum of low-pressure beryllium 

arc in the  near ultraviolet region. Using the  conventional spectrogra- 

phic technique, we have attempted to locate and identify all prominent 

bands of BeOH. The spectrum of isoelectronic BeF moleculezz-26 served 

a s  a guide to the  BeOH spectrum. In t he  present paper a general 

description of the bands of BeOH and BeOD in the  300-330 nm region is 

given. The electronic spectra of these molecular species were observed 

for the  first  time, and the emitter has been established on experimen- 

t a l  grounds. 

EXPERIMENTAL 

The emission spectra of the BeOH and BeOD molecules were obtained 

in a low-pressure arc, which was modified version of t ha t  used 

elsewhere*7lm. 

Due t o  toxicity of beryllium compounds, the  a rc  was run in a closed 

system t o  prevent the  contamination. The arc, maintained by 1 kV DC 

supply a t  a current of 1.0-1.6 A,  was run between water-cooled 

beryllium electrodes in the  atmosphere of water vapour and s ta r ted  by 

axiliary Tesla coil. 
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ELECTRONIC BANDS OF THE BeOH AND BeOD 759 

Since the  examined spectral region has  strong OH transit ions and 

less intense Be0 transitionsg, an ex t ra  efforts were made to  remove 
these contaminants. The working pressure of ordinary (HzO) and heavy 
water (DzO) vapour of 120-140 Torr was selected a s  t he  most appro- 
priate. Before the  experIments,the a rc  chamber was evacuated up to  10-5 
Torr. During th i s  evacuation water was frozen in a small side tube. 

After pumping out,  t he  chamber was filled with the water vapour at the  
working pressure. The l a t t e r  was adjusted by keeping th i s  tube at  the 

required temperature. During exposure, the  chamber was slowly evacuated 
in order t o  remove the  decomposition products. 

The spectral region between 200-400 nm was investigated in the  
first  and second order of a 600 lines/mm plane grating, at dispersion 
of 0.7 nm/mm, 0.35 nm/mm and 0.18 nm/mm. Exposure times of 5 to  20 

minutes were needed on Ilford HP5 film. The lines from an  iron arc were 
used a s  the  reference spectrum. The wavelengths of the  band-heads were 
obtained by means a third order interpolative polynomial using a 
computer program. Uncertainty of measurements for well deffined heads 

is estimated to  be within f 0.02 nm, but it was about 0.05 nm for weak 
and diffuse heads. 

RESULTS AND DISCUSSION 

Description of t he  Spectrum 

The first  observation of the  spectra emitted e i ther  in ordinary 
water vapour or heavy water vapour was done at  low dispersion of 0.7 
nm/mm. Apart from shifts in positions of recorded bands, the resem- 
blance between general appearence of both spectra Is very marked. Each 
spectrum consists of a number ra ther  weak and diffuse bands divided 
into three groups, which are revealed apparently on Fig. 1, represen- 
ting the  microphotometer tracings of the  spectra emitted in Hz0-  vapour 
(a) and DzO-vapour (b ) .  

The first  group of bands, positioned in the 300-307 nm region, is  
the most intense in recorded spectra. In the  largest  part ,  these bands 
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760 ANTIC-JOVANOVIC, BOJOVIC AND PESIC 

FIG.1. Microphotometer t racings of t h e  spectrograms obtained 

i n  t h e  atmosphere of HzO-vapour (a) and  DzO-vapour (b)  

a t  dispers ion of 0.7 nm/mm. 

are f ree  from overlapping s t r u c t u r e  of s t rong  OH bands,  which were 

considerably weakened under  experimental  conditions. 
The  second group of the bands  l ies  in  t h e  region of t h e  1,l and  2,2  

A Z f  - X21T bands  of OH, a n d  t h e  0,O and 1.1 Be0 bands  of Bengtsson's 

systemg. Although a l l  t h e s e  bands were minimised i n  in tens i ty ,  t h e  

t r a c e s  of t h e i r  structures hindered a p p a r e n t  revealment  of new bands.  

Because of that  and  i t s  inherent  diffuse s t r u c t u r e ,  t h e  second group of 

bands were observed on low dispersion spectrograms as prominent 

cont inuous background ranging from 313-318 nm. 

The bands  of th i rd  group, s i t u a t e d  between 322-330 nm,are f ree  from 

overlapping impuri t ies  bu t  largely masked by cont inuous emission. 
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TABLE 1. Head Positions of the BeOH Bands 

300.41 
300.55 
300.70 
300.89 
301.16 
301.57 
301.93 
302.25 
302.30 
302.50 
302.74 
302.78 
302.94 
303.36 
303.68 
304.12 
304.38 
304.48 
304.86 
304.90 
305.37 
305.48 
305.66 
305.76 

2 
2 
2 
2 
2 
1 
3 
2 
2 
3 
2 
2 
3 
3 
2 
3 
2 
3 
3 
3 
1 
2 
2 
2 

306.28 
306.34 
306.69 
307.08 

313.30 
313.50 
314.76 
314.99 
315.15 
315.48 
316.10 
316.33 
316.79 
317.00 
317.12 
317.19 
317.25 
317.71 

321.92 
322.25 
322.47 
322.53 

2 
2 
2 
2 

2 
2 
3 
2 
3 
3 
2 
2 
2 
2 
2 
2 
3 
1 

1 
2 
2 
2 

322.65 
322.82 
323.27 
323.69 
324.07 
324.39 
324.63 
325.04 
325.22 
325.72 
326.30 
326.70 
327.22 
327.27 
327.99 
328.29 
328.69 
328.91 
329.32 
329.69 
330.00 
330.77 
331.16 

2 
2 
2 
3 
2 
2 
3 
2 
2 
1 
1 
1 
1 
2 
1 
2 
2 
2 
1 
2 
2 
2 
2 

With larger dispersion of 0.36 nm/mm and 0.18 nm/mm, however, the 
structure of many bands emitted In ordinary water vapour atmosphere 
was found to be rich and very complex with heads apparently degraded to 
the red. The spectrum emitted in heavy water vapour atmosphere is  less 
resolved and, in general, less intense. 

Figure 2 contains the  portion of spectrograms photographed at 
dispersion of 0.36 nm/mm. Displacements of band heads on spectrograms 
(a) and (b) relative to one another are clearly seen. 

The positions of prominent heads in  both isotopic spectra with 
visual intensities estimated on a scale of 0-3, are  listed in Tables 1 

and 2. The bands of second group emitted in the atmosphere of DzO-vapor 
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ELECTRONIC BANDS OF THE BeOH AND B e O D  763 

TABLE 2. Head Positions of t he  BeOD Bands 
-_.____ 

A ,nm I )c,nm I A,nm I 

300.42 2 
300.81 2 
301.26 3 
301.65 3 
302.28 3 
302.68 2 
302.77 2 
302.89 2 
303.36 1 
303.60 1 
303.78 1 
304.01 2 
304.67 1 

305.47 2 
305.92 2 
306.59 2 
306,85 2 
306.92 2 

323.68 2 
324.15 0 
324.25 0 
324.54 2 
324.92 2 
325.23 1 
325.63 2 

325.79 1 
325.89 2 
326.65 2 
327.61 1 
327.87 1 
328.05 1 
328.30 0 
328.47 1 
329.26 0 
329.33 0 
329.92 0 

could not be measured with any  cer ta in ty  due to  the i r  inherent weak 

intensity and  overlapping background. 

Assignment of t he  SDectrum 

In view of t he  resemblance of t he  position of t he  new bands and 

those of isoelectronic BeF, i t  seemed likely to assign them to  BeOH 

molecule, by analogy with corresponding spectra observed for other 

alkaline-earth metals. In the  present paper we have verified th i s  

conjucture on experimental grounds, as follows. 

The f ac t  t h a t  t he  new bands occur only in discharge between 

beryllium electrodes implies t h a t  beryllium i s  necessary to produce 

them. 

The isotope sh i f t s ,  resulting upon substi tuting HzO for DzO in  t he  

arc atmosphere, unequivocaly prove the  hydrogen in  emitter which could 

be, therefore, BeH, BeH+ or BeHz. However, all these  possibilities were 
ruled out by the  fac t  t h a t  discharge in hydrogen atnosphere with 

beryllium electrodes failed to  show new bands. Hence, t h e  conclusion 

consistent with general appearence and with the  conditions in t h e  arc 

source, is t h a t  emitting molecule involves the  Be, H and 0 atoms. 
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764 ANTIC-JOVANOVIC, BOJOVIC AND PESIC 

In t h e  s p e c t r a  taken  i n  discharge running in t h e  HzO- and DzO- 
vapour  mixture in  about  equal  ra t io ,  both t h e  hydroxide and  deuteroxide 

f e a t u r e  were observable ,  b u t  no extra f e a t u r e s  were found. The absence 

of new bands  i s  in te rpre ted  as a n  evidence t h a t  t h e r e  i s  only one 

hydrogen, i.e. only one OH radical  per molecul-emitter, suppor t ing  t h e  

assignment  of new bands  t o  t r ia tomic BeOH. 

From t h e  appearence of monohydroxide spectrum in t h e  same 

region as t h e  hal id  spec t ra  can  be deduced t h a t  bonding i n  t h e  molecule 

i s  Be-0-H, and  i t  i s  probably a quasi l inear ,  as suggested by Palke and 

Kirtmanzl. In t h i s  case t h e  subs t i tu t ion  of hydrogen for deuter ium t h e  

t h r e e  normal modes of v ibra t ions  will be different ly  affected by t h e  

isotope s h i f t  what  c a n  be reason for  complicated isotope displacements .  

Based on s imilar i ty  of e lectronic  propert ies  of isoelectronic 

species  and t h e i r  opt ical  spec t ra ,  t h e  observed monohydroxide bands  a r e  

assumed t o  a r i se  i n  perpendicular  t rans i t ion  corresponding t o  t h e  AZfl - 
Xz! system of BeF. 

The spectrograms obtained did not allow an analysis of the 

spectrum. For this purpose additional experimental work on the 

spectrum at high resolution and new source is needed. The study 

of the spectra produced by hollow cathode or by microwave should 

be very useful because the rotational excitation in these sources 

is very low compared with the arc. 
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