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ABSTRACT 
 
 Absorption spectra of a numbers of alkali borate glasses containing nickel oxide, ferric oxide or both nickel 
and ferric oxides together were studied to obtain information on their structure. The experimental results 
obtained are analyzed and explained by assuming that nickel exists in glass as divalent nickel ions in two 
different states of coordination octahedral and tetrahedral while iron exists in glass as ferric and ferrous states in 
two different forms, octahedral and tetrahedral according to the amount of the alkali oxide content. It was found 
that the change in the values of position and intensity of absorption bands may change as the result to the 
increased d-p orbital mixing which is related presumably to the lower ligand field strength at highest alkali 
oxide content. 
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Introduction 
 
 Bates  et al., (1962) had studied the localized state of the glasses, they found that, the stable valence states 
of iron in glass had both of ferric and ferrous states. Paul et al., (1964) concluded that in sodium borate glasses 
containing iron as the soda concentration increased the position of the ultraviolet charge transfer band shifts 
from 225 to 210 nm. The possibility of two bands related to four and six coordinated ferric iron was suggested; 
tetrahedrally coordination being most likely in borates with the high soda content.  Paul (1982) assumed that 
iron usually occur in glass in both ferric and ferrous states. In borate and phosphate glasses, it may occur in 
four-fold as well as in six-fold coordination depending mainly on the glass composition. Farouk et al., (1996) 
had explained that the absorption spectra of some lithium lead borate glasses containing 10% mol % ferric oxide 
show three absorption bands at 380, 400 and 440 nm. Most of iron was found to be in octahedral form. (Boulos 
et al., (1997)) studied spectroscopic properties of iron in Na2O-CaO-MgO-SiO2 glasses and analyzed or 
separated absorption spectra of ferrous and OH group. Raghavendra Rao et al., 2011) had studied the effect of 
dopant elements on the physical and structural properties of Co2+, they found that the kind of dopant affect 
strongly on the structure and play an important rule of changing the physical properties of these samples. 
(Nagaraj et al., 2008; Sreekanth et al., 2003 &2006 and El-Desouki, et al.,  2003) had studied the Mixed Alkali 
Effect (MAE) on glasses using different physical techniques. El-Desoky et al.  (2006) had Studied the effect of 
Iron doping of semiconducting bismuth alkali borate glasses. Density was observed to decrease with an increase 
in Fe2O3 content. The high-temperature conductivity data are consistent with Mott’s models of phonon-assisted 
polaronic hopping in the non-adiabatic regime. Raghavendra Rao  et al., (2011) had studied the effect of  Li2O 
content on the physical properties of  vanadyl doped with different compositions, they found that,  all physical 
and structural properties had affected by addition Li2O to the studied samples.( Subhadra et al., 2010; Subhadra 
et al., 2011) had studied the effect of  variation of alkali concentration on  the physical and spectroscopic 
properties of both alkali borate glasses and alkali bismuth borate glasses. Terczynska-Madej et al., (2011) 
determine effect of  oxygen ions on  the optical basicity of the borate glasses system, and also the change in the 
localized states and the glasses system color  of these samples,  as a result of  the presence of the oxygen ions. 
Marzouk et al  (2006) had investigated  the optical absorption of gamma-irradiated lithium-borate glasses doped 
with different transition metal oxides, they found  that a resolution of the observed absorption spectra contain 
several bands, these observed bands were due to a  photo-reduction or photo-oxidation. Marzouk et al, (2007)  
had studied the effect of doping with  Mn2+, Fe2+ and Ni2+ on the Ultrasonic wave velocities in the lithium-
borate glasses and borosilicate glasses, they found that, the ultrasonivc velocity had been affected by the kind of 
dopent elements.  Sarkar et al (1983) assumed that in alkali borate glasses containing nickel, the tetrahedral state 
of the nickel ion is formed only when the glass attains the basicity above a certain value and contains easily 
polarizable ions. Varshneya et al., (1994) concluded that nickel ions in low alkali borate glasses are surrounded 
mostly by an octahedral field of oxygen. Spectrophotometric studies of a number of alkali borate glasses 
containing nickel and titanium,  had been  carried out by El-Hadi et al  (1999) to find out the effect nikel and 
titanium on the structural properties of the studied samples. Samee et al.,( 2011) had studied the mixed alkali 
effect in borate glasses on the structure and optical properties of borate glasses, they fund that, both of direct and 



91 
Middle East J. Appl. Sci.,  3(3): 90-97, 2013 

91 

 

indirect energy gap has been affected by the ratio of mixed alkali. Kawashima et al., (2006)  Had studied the 
elastic properties of alkali borate glasses, with different dopant elements, and they found that these elastic 
properties affected strongly by the kind of the dopant elements. Ratnakaram et al., (2006) had studied the optical 
properties of Pr3+ and Er3+ in mixed alkali borate glasses with different types and composition values.  UV-
spectroscopy as well as other spectroscopic tools could be applied to investigate the electronic as well as 
structural properties of many systems and structures (Abdel-Gawad et. al 2012, Nashy et.al. 2012,  El-Nahass 
et. al 2013). They found that both of emission and absorption properties o of these samples affected by both of  
Pr3+ and Er3+..Ali (2009) had studied the effect of dopant on  the optical and ultrasonic properties of the calcium 
fluoride bismuth borate glasses he found that, the increasing of dopent leads to the decrease of the optical band 
gap and other optical results.   
 
The Experiment Set up: 
 
Preparation of the glass samples: 
 
 Some selected borate glasses were prepared with adequate percent of nickel oxide or ferric oxide or with 
both the two transition metal oxides together. The raw materials used were chemically pure grade and were 
finely pulverized. Boric oxide was introduced in the form of orthoboric acid. Soda, lithia and potash were 
introduced in the form of their respective anhydrous carbonates. Nickel oxide was introduced as nickel oxide 
NiO while iron oxide was introduced as ferric oxide (Fe2O3). All melts were made in platinum-2% rhodium 
crucibles in an electrically heated SiC rods furnace at a temperature range (1000-1100) °C for two hours. After 
satisfactory homogeneity by rotating the crucibles at intervals of half an hour, the melts were cast into stainless 
steel moulds of the required dimensions. The prepared glass samples were immediately transferred to a muffle 
furnace for annealing regulated at a temperature ranging from 350 to 380 °C. The muffle furnace was left to 
cool to room temperature at a rate of 30°C / hours. 
 
Optical absorption measurements: 
 
 Optical absorption measurements in the ultraviolet-visible region of the spectrum were recorded for all the 
glasses studied in the range (190-900) nm using a recording Shimadzu spectrophotometer (Japan). 
 
Results and Discussion  
 
Glasses containing nickel oxide: 
 
 The effect of introducing one of the monovalent alkali oxides soda, lithia or potash to boric oxide on the 
absorption spectra of the glasses containing 0.2 g NiO/100 g glass, was studied. The experimental results 
obtained are given in table (1),  
 
Table 1: Chemical compositions and positions of absorption bands for a number of alkali borate glasses containing 0.2 g NiO/100 g glass. 

Glass 
No. 

Glass Composition (wt %) Position of absorption bands 
B2O3 R2O NiO band (4)    band (6)    band (7)    band (8)   band (9) 

  Na2O   
1 95 5 0.2 410 nm          -                -            680 nm     750 nm 
2 85 15 0.2 410nm          -               -           680 nm      760 nm 
3 80 20 0.2 420 nm            -                   -                 -           780 nm 
4 75 25 0.2 430 nm            -                   -                 -              860 nm 
5 65 35 0.2 450 nm         560 nm      640 nm            -              - 
  Li2O   

6 95 =5%Na2O 0.2 410nm             -                 -                680 nm      750 nm 
7 85 = 15%Na2O 0.2 410 nm      680 nm        750 nm        -            - 
8 80 =20%Na2O 0.2 420 nm             -           -                -          770 nm 
9 75 =25%Na2O 0,2 430 nm             -            800 nm        -             - 
  K2O   

11 95 =5% Na2O 0.2 410 nm             -                  -              680 nm      750 nm 
12 85 = 15%Na2O 0.2 410nm               -                 -              680 nm      750 nm 
13 80 =20%Na2O 0.2 420 nm              -                 -                  -             770 nm 
14 75 =25%Na2O 0.2 430 nm              -                 -                  -             800 nm 
15 65 =35%Na2O 0.2 450 nm       550 nm        640 nm            -              - 

 
 Three absorption bands at 410, 680 and 750 nm were observed in the absorption spectra given by the glass 
of the composition B2O3 95%,R2O 5% , NiO 0.2 g, where R2O = soda, lithia or potash.  
1. The progressive increase in the soda, lithia or potash content caused, in principle, the following changes. 
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i. The position of the absorption bands at 410 and 750 nm in the glass of the composition B2O3 95%, R2O 5%, 
NiO 0.2 g changed to 430 and (800-860) nm respectively in the glass of the composition B2O3 75% , R2O 25%, 
NiO 0.2g, according to the alkali oxide content.  
ii. The absorption band at 680 nm in the glass of the composition B2O3 95%, R2O 5%, NiO 0.2 g was not 
affected with the increase  
in the alkali oxide content, but it disappeared in the glass of the composition B2O3 80%, R2O 20%, NiO 0.2 g.  
iii. The position of the absorption band at 410 nm in the soda or potash glass of the composition B2O3 95%, 
R2O 5%, NiO 0.2g changed to 450 nm in the glass of the composition B2O3 65%, R2O 35%, NiO 0.2g. 
iv. The absorption band at 750 nm in the soda or potash glass of the composition B2O3 95%, R2O 5% NiO 0.2g 
disappeared in the glass of the composition B2O3 65% , R2O 35% , NiO 0.2 g.  
v. Two new absorption bands at (550-560) and 640 nm appeared in the absorption spectra given by the soda or 
potash glass of the composition B2 O3 65%, R2O 35%, NiO 0.2 g, according to the alkali oxide content. 
vi. The intensity of absorption bands generally increased with the gradual increase in the alkali oxide content. 
vii.  The visual colour of the glasses studied, changed from green to yellowish brown then to deep brown in 
soda glasses by the increase in the soda content, while the colour changed from green to yellowish brown in 
lithia glasses by the increase in the lithia content, but the colour changed from green to yellowish brown then to 
deep brown and at last to deep purple in potash glasses containing high proportion of potash. 
 
Glasses containing iron oxide: 
 
 The effect of introducing one of the monovalent alkali oxides, soda, lithia or potash to boric oxide on the 
absorption spectra of the glasses containing 1.0 g Fe2O3/100 g glass, was studied. The experimental results 
obtained are given in table (2): 
 
Table 2: Chemical compositions and positions of absorption bands for a number of alkali borate glasses containing 1.0 g Fe2O3/100 g glass. 

Glass No. Glass Composition (wt %) Position of absorption bands 
 B203 R2O Fe203 band(l) band (2) band (3) band (5) 
  Na2O      

16 95 5 1.0 200 nm 230 nm 380 nm 440 nm 
17 85 15 1.0 200 nm 230 nm 380 nm 445 nm 
18 80 20 1.0 205 nm 235 nm 385 nm 450 nm 
  Li20      

21 95 =5%Na2O 1.0 200 nm 230 nm 380 nm 440 nm 
22 85 =15%Na2O 1.0 205 nm 230 nm 380 nm 445 nm 
23 80 =20%Na2O 1.0 205 nm 235 nm 390 nm 445 nm 
  K2O      

26 95 =5% Na2O 1.0 200 nm 230 nm 380 nm 440 nm 
27 85 =15%Na2O 1.0 205 nm 230 nm 380 nm 450 nm 
28 80 =20%Na2O 1.0 205 nm 230 nm 390 nm 455 nm 

 
1. Four absorption bands at 200, 230, 380 and 440 nm were observed in the absorption spectra given by the 
glass of the composition B2O3 95%, R2O  5%, Fe2O3 1.0g, where R2O = soda, lithia or potash. 
2. The increase in the soda, lithia or potash content caused, in principle the following changes: 
i. The position of the absorption bands at 200, 230, 380 and 440 nm in the glass of the composition B2O3 
95%, R2O 5%, Fe2O3 1.0 g changed to (205-210), 235, (385-390) and (450-455) nm respectively in the glass of 
the composition B2O3 80% , R2O 20% , Fe2 O3  1.0 g, according to the alkali oxide content  
ii. The intensity of the absorption tends to increase with the increase in the alkali oxide content. 
iii. The visual colour of the glasses studied, was generally brown. 
 
Glasses containing mixed nickel and iron oxides: 
 
 The effect of introducing one of the monovalent alkali oxides soda, lithia or potash to boric oxide on the 
absorption spectra of the glasses containing both 0.2 g NiO and 1.0 g Fe2O3 together /100 g glass, was studied. 
The experimental results obtained are given in Table (3). 
 
Table 3: Chemical compositions and positions of absorption bands for a number of alkali borate glasses containing both 0.2 g NiO and 1.0 g 

Fe2O3 together /100 g glass. 
Glass 
No. 

Glass Composition (wt %) Position of absorption bands 
B2O3 R2O NiO Fe203 Band (l) Band (2) Band (3) Band 4+Band 5 Band (6) Band (7) Band (8) Band (9) 

  Na20           
31 95 5 0.2 1.0 200nm 230nm 380nm 420nm - - 680nm 750nm 
32 85 15 0.2 1.0 200nm 230nm 380nm 420 nm - - - 770nm 
33 80 20 0.2 1.0 205nm 235nm 380nm 425nm - - - 780mn 
34 75 25 0.2 1.0 205nm 236nm 390nm 430nm - - - 810nm 
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35 70 30 0.2 1.0 210nm 238nm 390nm 440nm 550nm 630nm - 860nm 
36 65 35 0.2 1.0 210nm 240nm 400nm 445nm 555nm 640nm - - 
  Li2O           

37 95 5%Na2O 0.2 1.0 200nm 230nm 380 m 420 nm - - 680 nm 750nm 
38 85 15%Na20 0.2 1.0 200nm 230nm 380nm 420nm - - - 760rim 
39 80 20%Na2O 0.2 1.0 206nm 235 m 390nm 430nm - - - 780nm 
40 75 25%Na2O 0.2 1.0 208nm 235nm 390nm 440 nm - - - 800nm 
  K2O           

41 95 5% Na2O 0.2 1.0 200nm 230 m 380nm 420nm - - 680 nm 750nm 
42 85 15%Na2O 0.2 1.0 200nm 230nm 380nm 420nm - - - 760nm 
43 80 20%Na2O 0.2 1.0 205nm 235nm 390nm 430nm - - - 760nm 
44 75 25%Na2O 0.2 1.0 206nm 236nm 390nm 435nm - - - 810nm 
45 70 30%Na2O 0.2 1.0 208nm 240nm 400nm 440nm 550nm 640nm - 840nm 
46 65 35%Na2O 0.2 1.0 210nm 240nm 400nm 450 nm 560nm 640nm - - 

 
1. Six absorption bands at 200,230, 380, 680, 420 and 750nm in the absorption spectra given by the glass of 
the base composition B2O3 95%, R2O 5% , NiO 0.2 g, Fe2O3 1.0 g, where R=soda, lithia or potash  
2. The progressive increase in the alkali oxide content caused in principle, the following changes: 
i. The position of the absorption bands at 200, 230, 380, 420 and 750 nm in the glass of the composition B2O3 
95% R2O 5%, NiO 0.2 g, Fe2O3 1.0 g changed to (205-206), (235-236), 390, (430-435) and (800-810), nm 
respectively in the glass of the composition B2O3 75%, R2O 25%, NiO 0.2 g, Fe2O3 1.0 g according to the alkali 
oxide content. 
ii. The absorption band at 680 nm in the glass of the composition B2O3 95%, R2O 5%, NiO 0.2 g, Fe2O3 1.0 g. 
disappeared with the gradual increase in the alkali oxide content.  
iii. The position of the absorption band at 420 nm in the soda or potash glass of the composition B2O3 95%, 
R2O  5% , NiO 0.2g, Fe2O3 1.0g shifted to (445-450) nm in the glass of the composition B2O3 65%, R2O  35%, 
NiO 0.2 g, Fe2O3 1.0g. 
iv. The absorption band at 750 nm in the soda or potash glass of the composition B2O3 95%, R2O 5%, NiO 
0.2g, Fe2O3 1.0g disappeared in the glass of composition B2O3 65 %, R2O 35%, NiO 0.2 g, Fe2O3 1.0g.  
v. Two new absorption bands at (550-560) and (630-640) nm appeared in the absorption spectra given by the 
soda or potash glass containing higher alkali oxide content.  
vi. The intensity of the absorption increased with the gradual increase in the alkali oxide content. 
vii. The visual color of the glasses studied was generally pale brown. 
 
Effect of concentration of nickel and iron oxides: 
  
 The absorption spectra of the glasses of the base composition B2O3 80%, Na2O 20% containing variable 
amounts of either nickel or iron oxide or both the two transition metal oxides together were studied. The results 
obtained are given in Table (4), 
 
Table 4: Chemical compositions and positions of absorption bands for a number of sodium borate glasses with varying amounts of nickel 

oxide. 
Glass 
No. 

Glass Composition (wt %) Position of adsorption bands 
B203 Na2O NiO Fe2O3 band(l) band(2) band(3) band(4)+band(5) band(9) 

51 80 20 0.02 - - - - 420nm 780 nm 
3 80 20 0.2 - - - - 420 nm 780 nm 
52 80 20 0.5 - - - - 420nm 780 nm 
53 80 20 1.0 - - - - 420nm 780 nm 
54 80 20 1.5 - - - - 420nm 780 nm 
61 80 20 0.01 1.0 203 nm 233 nm 382nm 425nm 780 nm 
33 80 20 0.2 1.0 203 nm 233 nm 382 nm 425 nm 780 nm 
62 80 20 0.5 1.0 203 nm 233 nm 382 nm 425nm 780 nm 
63 80 20 1.0 1.0 203 nm 233 nm 382 nm 425nm 780 nm 
64 80 20 1.5 1.0 203 nm 233 nm 382 nm 425nm 780 nm 

 
1.  In the glasses containing nickel oxide two absorption bands at 420 and 780 nm were obtained. The position 
of the two absorption bands was not affected while the intensity of the absorption bands increased with the 
gradual increase in the nickel oxide content. The visual color changed from very faint yellowish brown to deep 
brown in the glasses containing nickel oxide ranging from 0.02 to 1.5 g/100g glass. 
2. In the glasses containing iron oxide, four absorption bands at 210, 240, 380 and 450 nm were obtained. The 
positions of these weak absorption bands were not affected while the absorption increased with the increase in 
the iron oxide content. The visual color appears to range from faint brown to brown the glasses cantoning iron 
oxide ranging from 0.2 to 1.0g/ 100 g glass, Table (4).  
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3. In the glasses containing both nickel and iron oxides together, in which the iron oxide is kept constant at 1.0 
g NiO with variable amounts of nickel oxide, five absorption bands were obtained at 205,235,380,425 and 780 
nm. The positions of these five absorption bands were not affected, while the absorption increased with the 
increase of the nickel oxide content, Table (4)  
 
Discussion: 
 
Origin of absorption bands in the spectra of nickel ion glass: 
 
 Nickel ion has a 3d8 configuration and only Ni2+ is relatively stable in glass under normal atmospheric 
conditions.  
 The energy diagram for d8 system in octahedral symmetry predicts that the spectrum of nickel ion in 
octahedral state consists of three absorption bands corresponding to the spin-allowed transitions together with 
some spin forbidden bands such as follows: 
 

Transition Position of absorption Type of absorption 
3┌2(F)→  3┌5(F) 1333 nm Spin- allowed 
3┌2(F)→  3┌4(F) 794 nm Spin-allowed 
3┌2(F)→  3┌4(P) 422 nm Spin- allowed 
3┌2(F)→  1┌3(D) 658 nm Spin- forbidden 

 
 The energy diagram for d8 in tetrahedral symmetry predicts that the spectrum of nickel ion in tetrahedral 
state will consist of three absorption bands corresponding to the spin-allowed transitions together will a spin 
forbidden bands such as follows:  
 

Transition Position of absorption Type of absorption 
3┌4(F)→  3┌5(F) 2560 nm Spin- allowed 
3┌4(F)→  3┌2(F) 1190 nm Spin- allowed 
3┌4(F)→  3┌4(P) 617 nm Spin- allowed 
3┌4(F)→  1┌5(D) 790 nm Spin- forbidden 

 
Interpretation of the absorption spectra of borate glasses containing nickel oxide: 
 
 When the absorption spectra of the low in alkali borate glasses containing nickel are compared with the 
spectrum given in the energy diagram for d8 system in octahedral coordination, it would be expected that the 
absorption bands at 410 and 750 nm of transitions 3┌2 (F)→  3┌4 (P) and 3┌2 (F)→  3┌4 (F) respectively, can 
be related to nickel ion in octahedral state. The appearance of the spin forbidden absorption band at 680 nm of 
transition 3┌2 (F)→  1┌3 (D) may be due to d-p orbital mixing which takes place; d-p orbital mixing may be 
due to the fact that the ion is not at the centre of symmetry. In the glass containing about 15% R2O, no change 
was noticed in the position of the absorption bands at 410, 680 and 750 nm which means that no effect is 
expected on the NiO6 groups.  
 In the glasses containing more than 15% R2O displacement of the absorption bands towards longer 
wavelengths takes place which may be due to the formation of pentaborate groups and the beginning of the 
formation of nonbridging oxygens and hence weakening of the glass structure occurs leading to a decrease in 
ligand field strength. In the glass containing higher than 20% R2O, the absorption band at 680 nm disappeared 
because this absorption band is spin-forbidden and this is may be due to the formation of tetraborate groups and 
the increase of the non-bridging oxygens and hence a decrease in ligand field strength resulting in a 
displacement of the absorption band till it comes very close to the strong spin-allowed absorption band at 750 
nm where overlapping takes place. In the glasses containing more than 25 % R2O, the structure is going to be 
weaker due to the formation of abundant NBOs leading to a decrease in ligand field strength causing a 
remarkable change in the position of absorption bands towards longer wavelengths. 
 Also, when the absorption spectra of nickel ions in glasses containing increased amounts of sodium or 
potassium R2O are compared with the spectrum given in the energy diagram for d8 system in tetrahedral 
coordination, it would be expected that the double absorption bands at (550-560) and 640 nm of the same 
transition 3┌4 (F) → 3┌4 (P) can be related to nickel ions in the tetrahedral state. In a glass containing more 
than 30%soda or potash, it can be assumed that diborate groups are formed which means that for every two 
boron ions, one is a BO4 group because the polarization effect of oxygen ions is expected to be suitable for the 
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formation of tetrahedral coordinated nickel ions. The absorption band at 450 nm (which is originally obtained at 
410 nm in low alkali borate glasses) would be due to the octahedral coordination of nickel ion.  
 The increase in the intensity of absorption bands with the increase in soda or potash content may arise from 
increased d-p orbital mixing related presumably to the lower ligand field strength as indicated by the shift of 
absorption bands to longer wavelengths. Therefore, it can be assumed that nickel ions exist in alkali borate 
glasses in two different states of coordination, octahedral and tetrahedral forms which are in equilibrium and the 
proportion of tetrahedral state increases with the increase in the soda or potash oxide content.  
 The behaviour of the alkali ions Li+, Na+ and K+ ion can be explained when we realize that the lithium ion 
can fill the spaces in alkali borate glasses without distorting the structure itself and hence facilitating the 
formation of the nickel ion in the octahedral state, which is demonstrated by higher values of absorption. 
 
IV.3. Origin of absorption spectra of iron ions in glasses: 
 
 Iron is accepted to exist in the divalent (Fe2+) and trivalent (Fe3+) states in glass(Marzouk et al., 2007 and 
Farouk et al., (1996), The ratio of each state depends on the glass composition, condition of melting and 
concentration of iron.  
 The absorption of Fe-doped borate glasses verifies the previous postulation and the observed spectra which 
are characterized by strong ultraviolet cutoff extending from the beginning of measurements 200nm up to about 
400 nm and including the charge transfer bands due mainly to Fe3+ ions beside the observation of very weak 
visible bands at about 380, and 440 nm as expected from the spin forbidden d5 configuration. 
 The spectral absorption of Fe-doped borate glasses can be realized and interpreted on the following basis:  
(1) For Fe2+ (d5) the energy level diagram in octahedral symmetry predicts the spectrum of Fe2+ will consist 
essentially of a single absorption band corresponding to the spin-allowed  5┌5→  5┌3 . 
(2) Some authors (paul (1982)) assume that Fe2+ ions seem to possess an ultraviolet absorption band at about 
200 nm interfering with the charge transfer bands due to Fe3+ at about 205 , 230 and 380 nm. The same 
ultraviolet bands are frequently observed in various glasses and are interpreted to be due to iron impurities in the 
raw materials during glass preparation  (Mysein et al.(1987), Yunfei, et al., (1989)  
(3) The d5 configuration (Fe3+) is of particular interest as the energy diagram applies to complexes of both 
octahedral and tetrahedral symmetry (paul (1982)). Both octahedral and tetrahedral complexes are expected for 
d5 configurations as there is no ligand field stabilization. The d5 configuration is also of special interest in that it 
is the only configuration for which there are no spin-allowed transitions possible and only weak bands may 
occur corresponding to the spin-allowed transitions possible and only weak absorption bands may occur 
corresponding to the spin-forbidden 6┌1→  2┌ transitions 

(1) 6┌→  2┌ transitions are expected to be far too 
weak to observe clearly (paul (1082)) 
(4) Increasing the alkali oxide content (Li2O, Na2O or K2O is assumed to increase the ratio of the trivalent iron 
in the glass specifically in tetrahedral form as it is accepted that increasing the alkali oxide content tends to 
favour upper oxidation states (Mysein et al.(1987), Yunfei, et al., (1989)  
(5) The observed weak visible absorption bands at 380, and 440 nm are generally attributed to tetrahedral 
coordination of Fe3+ according to the following assignments (paul (1982)).  
 
Absorption spectra of borate glasses containing iron: 
 
 In the alkali borate glass containing lower content of alkali oxide, i.e, in the glass of the composition B2O3 
95%, R2O 5% containing 1.0 g ferric oxide, where R2O represents soda, lithia or potash, four absorption bands 
were observed at 200, 230, 380 and 440 nm. The two ultraviolet absorption bands at 200 and 230 nm may be 
considered as charge transfer bands for ferrous and ferric ions respectively. Also, these absorption bands may be 
attributed to be due to raw materials impurities ( Dunitz J. et al., (1957), Bamford, (1976). The absorption band 
at 380 nm may be attributed to 4Γ5 (D) for ferric ion in octahedral or tetrahedral form while the absorption band 
at 440 nm may be due to 4Γ5(G) mostly in tetrahedral form (Mysein et al.(1987), Yunfei, et al., (1989).  
 In the glass containing higher content of alkali oxide, i.e. in the glass of the composition B2O3 80%, R2O 
20% containing 1.0 g ferric oxide, the position of the absorption bands originally appeared at 200, 230, 380 and 
440 nm changed to (205-210), (235-240), (385-390) and (445-455) nm  respectively, which may be due to the 
increase in the alkali oxide content which caused a decrease in ligand field strength which led to a remarkable 
change in the position of absorption bands towards longer wavelengths. The increase in the intensity of 
absorption bands with the increase in the alkali oxide content may arise from increased d-p orbital mixing (El-
Hadi (1999)). Thus, it can be assumed that iron ions exists in alkali borate glasses mostly in ferric state as 
tetrahedral coordination and the latter state tends to increase with the increase in the alkali oxide content. 
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Glasses containing nickel and iron oxides: 
 
 The absorption spectra of the alkali borate glasses containing both 0.2 g nickel oxide and 1.0 g ferric 
oxide/100 g glass are given in Table (3). The results obtained can be explained as follows: 
 In the glasses containing 5% R2O, six absorption bands were observed at 200, 230, 380, 420, 680 and 750 
nm. The two absorption bands at 200 and 230 nm may be considered as charge transfer bands for ferrous and 
ferric ions, respectively, also these absorption bands may be due to raw materials impurities Yunfei et al., 
(1989). The absorption band at 380 nm may be due to 4Γ5 (D) for ferric ion in octahedral or tetrahedral form  
(Nishida,, et al, (1981), Yunfei et al., (1989)). The absorption band at 420 nm can be related to nickel ion in 
octahedral state and also it may be due to ferric ions in octahedral symmetry Dunitz et al., (1957), Yunfei et al., 
(1989) The absorption band at 680 nm may be due to d-p orbit mixing Dunitz et al., (1957). The absorption band 
at 750 nm can be related to nickel ions in octahedral state. In the glasses containing 15% R2O, no change was 
observed in the position of the absorption bands at 200, 230, 380, 420 nm which means that no effect is 
expected on the state of nickel and ferric states, while the absorption band at 680 nm disappeared because this 
band is spin forbidden and also it comes very close to the strong spin allowed absorption band at 770 nm where 
overlapping takes place. In the glasses containing more than 15% R2O, there was a remarkable change in the 
position of the absorption bands towards longer wavelengths due to the decrease in the ligand field strength. In 
the glasses containing 30% or more of soda or potash, the double absorption bands at (550-560) and (630-640) 
nm according to the alkali oxide content would be due to nickel ion in tetrahedral form, in addition to that the 
absorption band at (550-560) nm may be attributed to the presence of ferric ion mostly in tetrahedral state 
Dunitz et al., (1957), Bamford et al., (1976). The absorption band at 440 nm can be attributed to both nickel ion 
in the octahedral state (Farouk  et al., (1996)) and also due to ferric ion in tetrahedral symmetry  (Boulos et al., 
(1997), Farouk  et al., (1996)) . The increase in the intensity of absorption bands with the increase in the alkali 
oxide content may arise generally from increased d-p orbital mixing (Farouk  et al., (1996)) related to the lower 
ligand field strength as indicated by the shift of absorption bands towards longer wavelengths. 
 Therefore, it can be assumed that nickel ions exist in low-alkali borate glasses mostly in octahedral state 
while they exist in high alkali borate glasses mostly in tetrahedral state while ferric ions exist in the glasses 
studied mostly in tetrahedral state. The proportion of the tetrahedral form increases with the gradual increase in 
the alkali oxide content (El-Hadi et al., (1999), Bamford et al., (1976), Farouk et al., (1996)). Also, increasing 
alkali oxide assisted more of ferric ions to substitute boron as glass forming units, this is consistent with the 
suggestion that the increase of making the anions to occupy lower coordination sites more easily  (Mysein et al., 
(1987)),   
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