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The infrared spectra of CdO-P20,5 and 
CdO-ZnO-P205 glasses 
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The infrared absorption spectra of cadmium phosphate and cadmium zinc phosphate 
glasses were measured. The structure of cadmium phosphate glasses was found analogous 
to cadmium zinc phosphate glasses at 30% of ZnO but a further decrease in ZnO content 
causes a 30 to 40 cm -1 change towards higher wave number of the absorption band at the 
stretching frequency. Annealing at different temperatures does not show a prominent 
change in absorption band positions. 

1. Introduction 
The early investigation by infrared spectroscopy of 
the structure of phosphate glasses, especially those 
containing alkali metal oxides, was reported by 
Miller and Wilkins [1] who used the KBr pellet 
technique. The fundamental absorption range for 
the orthophosphates was found to be at 1030 to 
1000 cm -t. The only other fundamental frequency 
allowed in the infrared appears near 500cm -~. 
More recently, the fundamental frequencies of all 
types of phosphate ions, such as metaphosphates, 
pyrophosphates and hypo-phosphates in crystal- 
line and glassy inorganic phosphate compounds 
have been investigated by Corbridge and Lowe 
[2.-4]. 

Shih and Su [5] reviewed the work of Cot- 
bridge and Lowe [2-4] ,  and Bues and Gehrke [6], 
made a systematic investigation of phosphate 
glasses containing either alkali (Li, Na, K, Rb) or 
alkaline earth (Ca, St, Ba) elements in the range 
2 to 200/am, and concluded that the spectra of 
these glasses are essentially the same except for a 
slight diffuseness which appears in the spectra of 
the alkaline earth metaphosphates. Mtiller [7] 
argued that P=O double bond lies in the range 
1282 to 1205cm -~ in the polyphosphate chain 
and the P - O  group is characterized by a stretching 
frequency at 1110cm -~ whereas the P - O - P  ring 
frequency should occur between 805 and 740 cm -a 
for cyclic phosphates. Williams et aI. [8] measured 

the infrared spectra of a series of binary phosphate 
glasses with molar ratio of metal oxide to P2Os of 
1 to 2 using a KBr-pellet sampling technique. It 
was found that the absorption band in the region 
of 900 cm -1 moves to higher frequencies. 

The infrared spectra of transition metal oxides 
have been studied by a number of investigators 
[9, 10]. Sayer and Mansingh suggested that phos- 
phate tetrahedra dominate the structure of 
manganese, cobalt, and copper glasses [10]. The 
evidence is supported by measurements on 
copper-calcium-phosphate glasses where covalent 
P - O - C u  + bonds would be created in the glasses 
having a higher copper content. 

2. Experimental procedure 
The infrared absorption spectra of specimens of 
cadmium phosphate and cadmium zinc phosphate 
glasses, annealed at 500~ for three hours, were 
studied at room temperature and in the frequency 
region 4000 to 400cm -~ with a Unicam SP2000 
double-beam recording infrared spectrophoto- 
meter. A 30% by weight sample of the selected 
glass specimen was ground with 70% by weight of 
KBr (laboratory reagent for infrared spectroscopy, 
BDH Chemicals Ltd.) in a clean alundum mortar 
into a fine powder. KBr pellets of thickness of 
1 mm, transparent to light, were formed by pres- 
sing the mixture at lOtons for a few minutes 
under vacuum. 
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TA B LE I Main features of the absorption spectra of cadmium phosphate and of cadmium zinc phosphate glasses 

Specimen 
number 

Composition mol% Infrared absorption band positions(cm-1)for CdO-P2Osand CdO-ZnO-P~Osglasses 

P~O s CdO ZnO 

a 50 50 - - 480 530 
b 55 45 - - 480 - 
c 60 40 - - 480 - 
d 65 35 - - 480 - 
e 70 30 - - 480 - 
f 75 25 - - 480 - 
g 80 20 460-500 - 
m 85 15 - - 480 - 
n 90 10 - - 480 - 

Z 1 - CdO . . . .  
Z~ P~O~ - - 430 480 530 
Z 3 - - ZnO 430-500 - 540 
1 70 25 5 - 480 - 
k 70 20 10 - 480 - 
j 70 15 15 - 480 - 
i 70 10 20 - 480 - 
h 70 5 25 - 480 - 
P 70 - 30 - 480 - 

750-780 920 1090 1290 1630 3450 
780 920 1080 1290 I630 3450 
780 920 1080 1290 - 3450 
750 920 1040-60 1300 - 3450 
750 920 1040-60 1300 - 3450 
750 920 1050 1300 - 3450 
750 920 1050-80 1300-20 - 3450 
750 920 1020-60 1300 - 3450 
750 920 1050 1300 - 3450 
. . . .  1400 - 

750 920 1050-80 1290 - 3450 
750 910-50 1050-80 1260-1300 - 3450 
750 920 1080 1290 - 3450 
750 920 1080 1290 - 3450 
750 920 1080 1290 - 3450 
750 920 1050 1290 - 3450 

3. Results and discussion for cadmium 
phosphate glasses 

The infrared absorpt ion  maeasurements  in binary 

CdO-P2Os ,  and ternary C d O - Z n O - P 2 O s ,  glasses 

o f  the compos i t ions  given in Table I, were made.  

Fig. 1 shows the  infrared absorp t ion  spectra o f  all 

the  specimens conta in ing CdO-P2Os ,  along wi th  

the spectra o f  crystall ine CdO and P2Os. Table I 

shows the posi t ions o f  the absorpt ion  bands 

obta ined  in these measurements .  The compar i son  

o f  the  posi t ion o f  the  absorp t ion  band o f  crystal- 

line CdO is very close to the spectra repor ted  by 

Nyquis t  and Kagel [11]. The CdO fundamenta l  

f requency  lies somewhere  towards  higher frequen-  

cies and there is no bond  vibrat ion in the range 

400 to 400  cm -1 arising f rom an ionic character  

such as for NaC1. The absorpt ion  peaks present in 

the infrared spectra are probably  due to combina-  

t ion tones.  

The absorpt ion  band at 480 cm -1 which  appears 

in all glasses and in crystal l ine P2Os is known  to be 

the  fundamenta l  f requency  o f  the [PzOs] 3- group 

[10, 12]. The most  impor tan t  point  in cadmium 

phosphate  glasses is that  the  weaker  absorpt ion 

peaks at higher concen t ra t ions  o f  P2Os at the  P = O  

double bond  and P - O  bond posi t ions are difficult  

to locate  wi th  an accuracy o f  posi t ion to wi thin  

-+ 10 cm -~. The P = O  double  bond,  P - O  stretching 

f requency  and P - O - P  ring f requency  in 50 tool % 

C d O + 5 0  mol  % P2Os glass occur  at 1290, 1090 and 

750 to 780 cm -1, respectively.  
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Our conclusions for c admium phosphate  glasses 

are as follows. 

(i) The fundamenta l  absorpt ion f requency is 

no t  dependen t  on the concen t ra t ion  o f  P~Os or 

CdO present in cadmium phosphate  glasses. 

(it) The bridging oxygen  absorpt ion bands are 

m u c h  weaker.  When the percentage o f  CdO is 

increased in P2Os, the intensi ty o f  the infrared 

band at about  780 cm -1 decreases. The same infra- 

red band becomes  progressively broader  wi th  

increasing percentages o f  CdO, another  sign o f  dis- 

ordering o f  the original s tructure.  A new band 

begins to emerge when the concen t ra t ion  o f  CdO 

exceeds  approx imate ly  20 tool %. 

Our values for the P=O,  P - O ,  P - O - P  absorp- 

t ions are in accordance with  the expec ted  values 

for metaphospha tes  given by Mtiller [7]. So we 

may regard these glasses as cadmium metaphos-  

phate  glasses because their  densi ty and molar  

vo lume vary l inearly wi th  composi t ion .  

4. Results and discussion for cadmium zinc 
phosphate glasses 

Fig. 2. shows the absorpt ion spectra o f  CdO--  

Z n O - P 2 O s  glasses wi th  7 0 m o I % P 2 O s ,  together  

wi th  the spectra o f  crystall ine ZnO. Table 1 shows 

the posit ions o f  the absorpt ion bands obtained.  

Zinc oxide  as compared  to cadmium oxide  has 

fourfold coord ina t ion  in its crystall ine compounds  

and this behaviour  is expec ted  to be preserved in 

glassy materials.  Hurt and Philips [13], while 
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studying the infrared absorption band of SiO2- 
ZnO-Na20 glasses, found that Z n - O  tetrahedral 
bonds are in the range of 600 to 400 cm -~ and sug- 
gested that Z n - O  octahedra should lie at 300 
to 100cm -t. Moreover the increase of ZnO 
concentration results in shifting the latter region 
to 600 to 400cm -l. Such a shift indicates an 
increase in the number of tetrahedrally-surrounded 
zinc cations, 

Tarte [t4] studied the infrared spectra of sili- 
cate glasses containing oxides of atuminium, mag- 
nesium, zinc, titanium and lithium. He found a 
downward shift of the strong SiO4 band near 
1050cm -~ with increasing wt% ZnO content but 
an upward shift of the 475 cm -1 band. The shift 
possibly suggests the presence of a superimposed 
band related to ZnO4 tetrahedra. The number of 
tetrahedrally coordinated zinc ions can be affected 
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by water in phosphate glasses. Krivovyazov e t  a L  

[15] showed that zinc caesium phosphate glasses 
absorb water when kept for a certain time in air. 
As this water diffuses into the glass body, the 
traces of tetrahedrally coordinated zinc are con- 
verted to the octahedrally coordinated form. This 
transition was observed visually from the change in 
colour of  the glass with incorporated Co(PO3)2 
from violet to pink, 

The addition to the ZnO content in cadmium 
phosphate glasses at 70 moI % P2Os has no signifi- 
cant effect on the position of the absorption band 
associated with crystalline P2Os. The P=O double 
bond and P-O, -P  ring frequency are unaffected 
except they are broadened, but the P - O  stretching 
fi'equency band, with the increase of ZnO content, 
moves 30cm -1 towards the higher wave-numbers 
in comparison with 30 mol % CdO-70 mol % P2Os. 
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Figure 2 Infrared absorption spectra for a 
series of CdO-ZnO-P~O~ glasses. 
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Such a change indicates that, as the ion-oxygen 
attraction increases, the phosphate chain length 
appears to decrease. The values of P=O frequency, 
double-bond P -O  stretching frequency and 
P - O - P  ring frequency are shown in Table I for 
each composition. 

By replacing 30 mol% with CdO in 70 tool% 
P205 glass, the bands at 1290, 1050 and 750cm -1 
would seem to be, as in Fig. 3, attributed to the 
P=O double bond, and P -O  stretching frequencies 
and the P - O - P  ring frequency, respectively. This 
is a clear indication that 30 tool % CdO-70 tool % 
P205 and 30mol%ZnO-70mol%P2Os glasses 
have similar structures but any further increase in 
CdO content causes a 30 to 40cm -1 change 
towards higher wave number at the P - 6  stretching 
frequency, and the reason for this shift is not clear. 
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It could well be due to a change in coordination 
number. Kordes and Bonn [16] also has described 
some abnormality in this range of composition 
which affects the absorption coefficient. A pro- 
nounced shift has been observed by Corbridge and 
Lowe in their salt [2, 3]. Bartholomew [17] also 
has a similar result that there is a shift of band 
position on the frequency ranges appropriate to 
P -O  and P=O absorption, which occurs in 
sodium-phosphate glasses when replaced with 
silver. Moridi and Hogarth [18] also gave a similar 
explanation when calcium was replaced by copper 
in binary phosphate glasses. According to them, 
such a shift can be discussed in terms of the exist- 
ence of covalent bond formation between the non- 
bridging oxygen ions and the silver, P -O-Ag ,  or 
copper ion P - O - C u  § units. 
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Fi~'ure 3 Infrared absorption spectra of (1) 30mol%CdO-70 molS~ P20 s and (2) 30mol%ZnO-7Omol%P,O s glasses. 

The absorption bands appearing in CdO-P2Os 
and C d O - Z n O - P 2 O s  at 1625 to 1635, 2360, 
3450 cm -~ are weak bands and are believed to be 
associated with a smaU amount of  water t rapped in 
the glasses during the experiment,  but are possibly 
due to the overtones. 

The infrared spectra of  5 0 m o l % C d O -  

50mol%P2Os glass specimens annealed at 400, 
500, 600 ~ C, were also recorded and no significant 
changes were observed in the absorption band 
position as shown in Fig. 4, demonstrating that 
there is no structural change as a result of the 

annealing. 
Qualitatively, the infrared spectra of  cadmium 
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Figure 4 Infrared absorption 
spectra of 50 mol % CdO-50mol 
%P2Os glasses annealed at (1) 
300~ (2) 400~ (3) 500~ (4) 
600 o C, 
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p h o s p h a t e  or  c a d m i u m - z i n c - p h o s p h a t e  glasses 

wou ld  suggest  t h a t  the  p h o s p h a t e  t e t r a h e d r a  

d o m i n a t e  the  s t ruc tu re  o f  these  glasses and  t h a t  a 

par t ia l  cova len t ,  P - O - C d ,  b o n d  would  be  c rea ted  

at  h igher  c a d m i u m  c o n t e n t ,  
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