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Abstract: The effect of different contents of Nd2O3 on the structure of xNd2O3 – (46-x) 

B2O3 – 27 CaO – 24.4 Na2O – 2.6 P2O5 (0 ≤ x ≤ 4 mol%) has been investigated using 

NMR and FTIR (Fourier transform infrared) absorption spectroscopy was used to 

investigate the glasses. The effect of Nd2O3 on NMR parameters has been studied in 

terms of modifying both boron and Neodymium coordination. 
11

B NMR spectroscopy 

was used to measure the quantitative proportion of four coordinated boron (N4). FTIR 

spectral analysis, on the other hand, yields the fraction of total tetrahedral structural 

units B4 (BO4 + Nd2O4). The potential of Neodymium oxide to participate as a network 

modifier improves with increasing its content, as evidenced by decreasing both 

percentage of boron tetrahedral units (N4) and the chemical shift of boron nuclei (δ), 

confirming the role of Nd2O3 as a modifier. 

keywords: NMR Spectroscopy, FTIR Spectroscopy, Neodymium Oxide, Borate glasses

1.Introduction

More insight into the development of 

bioactive materials as borate glass ceramics for 

technical, dental, and bone tissue regeneration 

and healing applications was recently conferred 

by several authors [1-3]. Because inorganic 

hydroxyapatite nanocrystals and organic 

collagen protein are the major component 

constituents of bone tissue. The effect of 

bioactive glasses and glass-ceramics chemical 

composition on their interaction with the 

physiological system and bonding between 

living tissue and the glass surface has been 

previously observed. [4,5]. The effect of 

crystallization of the glass has centered the 

proper interest for bioactive glass-ceramic 

materials in the biomedical field [6]. As a 

result, glass-ceramic materials often have a 

very fine microstructure with few or no residual 

pores. These qualities increase the final 

product's mechanical properties.  

Borate oxide glasses are one of the most 

suitable for RE
3+

 doping. [7,8]. The influence 

of rare-earth ions on the structural 

characteristics of borate glasses has received 

considerable attention. Therefore, it is used in 

combination with other oxides which leads to 

improved chemical durability. Rare earth 

elements with the highest abundance offer 

unique properties, such as antibacterial or 

imaging applications. Due to the electronic 

configuration of lanthanides, rare earth-

containing bioactive glasses are attractive 

materials for biological applications such as 

brachytherapy, luminescence-based imaging, 

and magnetic resonance imaging. Although 

such glasses are increasingly being researched, 

they remain understudied as biomaterials [9].  

In this study, we concentrate our research on 

a specific type of borate glasses containing 

Nd2O3. This is because this type can reveal high 

surface hardness with a low thermal expansion 

coefficient. Such characteristics made the 

glasses to be more resistant to fatigue stresses 

and temperature changes. The addition of a 

network modifier to B2O3 has been shown to 

break down the B-O bonds, enabling BO3 

triangles to convert into BO4 tetrahedral units. 

[10]. The main aim of this paper is to 

investigate the effect of Nd2O3 on the structure 

of xNd2O3 – (46-x) B2O3 – 27 CaO – 24.4 Na2O 

– 2.6 P2O5 (0 ≤ x ≤ 4 mol%) using different 

techniques like NMR and FTIR to reveal the 

correlations between structure and properties of 

glass doped with rare-earth. 
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1. Experimental methods  

2.1. Glass preparation: 

The nominal xNd2O3-(46-x)B2O3-27CaO-

24.4Na2O-2.6P2O5 (0 ≤ x ≤ 4 mol%) glass 

composition was prepared through the melt-

quenching process using a porcelain crucible. 

Nd, HBO3, Ca, Na, NH4P (chemical precursors) 

were used as a starting material. The required 

amount of the last precursor was heated at 300 

ºC for about 90 min to exclude water and 

ammonia. Then, the required amounts of the 

other precursors were well-mixed and added to 

the porcelain crucible, and melted at 1000-1200 

ºC. To maintain uniformity, the melt was 

constantly stirred and then poured between two 

stainless-steel plates. The glass materials were 

kept in a dissector until the characterization 

process.   

2.2. Characterization: 
11

B and 
31

P NMR spectra of the powdered 

glass samples were recorded using JEOL 

RESONANCE GSX-500 high-resolution solid-

state MAS NMR spectrometer. The spectra 

were obtained at a high external magnetic field 

(11.747T) and a frequency of 160.4 MHz. The 

glass samples were measured with a single 

pulse length of 0.5 - 1.0 ms and a pulse delay of 

2.5 s, and an accumulation of 200-300 scans 

was produced on the glass samples. Fourier 

transform Infrared Spectroscopy (FTIR) spectra 

were collected Bruker spectrometer FTIR. At 

room temperature, spectra in the wavenumber 

range of 400 to 4000 cm
−1

 at 2.0 cm
−1

 were 

recorded. The powdered glass samples were 

blended at 1:100 in weight with KBr for the 

FTIR examination in absorption mode. Each 

glass had at least three samples tested. Each 

sample's spectrum is derived from a total of 20 

scans. The resulting spectrum was normalized 

to that of a blank KBr pellet, which meant 

subtracting a pure KBr spectrum from each 

glass spectra.  

 

Figure 1: 
11

B NMR for the base and modified 

borate glass containing respectively 2 and 4 mol% 

Nd2O3.  

2. Results and Discussion 

3.1.
 11

B MAS NMR Spectra 

Figure 1 shows the 
11

B MAS NMR spectra 

of xNd2O3 - (46-x)B2O3- 27 CaO - 24.4Na2O -

2.6P2O5 at x = 0, 2 and 4 mol% Nd2O3. In the 

spectra of base glass (at x = 0), there are two 

main peaks at a chemical shift of about 0 and 

10 ppm attributed to BO4 and BO3, respectively 

[11]. With the addition of Nd2O3 the intensity 

of the peak assigned to BO4 tetrahedra groups 

decreases, while that of BO3 triangle groups 

increases. This indicates qualitatively that the 

relative concentration of BO3 units increases 

while that of BO4 decreases.  

This strongly suggests that Nd
3+

 delays the 

transformation of BO3 into BO4. It was thus 

considered that Nd
+
 is sufficiently greater than 

that of Na
+
 and Ca

2+
 to lead to the creation of 

BO4 [12]. It therefore can suggest that the Nd/B 

ratio is important for the nature of the BO3/BO4 

ratio because BO4 decreases with getting 

exchanged out by Nd2O3 locations. Whenever a 

result of the previous facts and assumptions, it 

is believed that the quantity of BO4 changes 

dramatically as Nd2O3 concentration rises. 

The reduction in BO4 concentration indicates 

that certain network modifiers are being 

removed in order to convert BO4 → BO3. This 

is a surprising behavior, which is unexpected at 

this lower concentration of Nd2O3 compared to 

that of B2O3. Indeed, the participation of 4 

mol% of Nd2O3 in the glass network formation 

is assumed to be limited since its low 

concentration is not accessible to withdraw 

some modifier from the borate network. This 

indicates that Nd2O3 does not affect directly the 

BO4 → BO3 transformation. Back conversion, 

as seen in rare-earth-doped borate glasses with 

high lead oxide concentration, is a phenomenon 

that has been seen in previous research [13]. In 

other words, there is another indirect role is 

played by Nd2O3 which has the main 

responsibility for back conversion of boron 

transformation. 
11

B NMR for 0 Nd glass should 

contain a higher BO4 fraction. The average full 

width at half maximum FWHM of 
11

B NMR 

spectra is found to increase. It changes from 9 

ppm to about 29 ppm upon the presence of 2 

mol% rear earth. The fast increase in FWHM 

should be referred to as increasing asymmetric 

BO3 units through the transformation of BO4 to 
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asymmetric BO3. The smaller value of FWHM 

in the base glass leads that only symmetric 

borate groups are dominant. On the other hand, 

the higher value of FWHM in glasses 

containing rare earth support that the latter 

played the role of back conversion agent.  BO4 

in such a case is highly transformed to 

asymmetric BO3 units which in turn reduce 

BO4 fraction. The formation of B-O-Nd bonds 

increases the cross-linked bonds in the glass 

network which leads to increased Tg 

particularly in samples of > 0.5 mol% Nd2O3.  

3.2.  
31

P MAS NMR Spectra 

 

Figure 2: 
31

P NMR spectra of borate glass 

Nd free and of glasses containing respectively 

2, 3, and 4 mol% Nd2O3. 

The different Q
n
 species discovered in the 

glass network may be directly identified using 
31

P MAS NMR studies. The phosphate 

tetrahedral are classified using the Q
n
 

terminology where n represents the number of 

BOs per tetrahedral group. In phosphate glass, 

the nomenclature can be used to four different 

units (from Q
3
 to Q

0
) since Q

4
 cannot be 

formed due to the presence of P = O bond. In 

the present glass matrix, the concentration of 

P2O5 is about 2.6 mol %. Thus, orthophosphate 

(Q
0
) is the dominant structural species that form 

the phosphate network, and there is no extra Q
n
 

type because the modifier contents are very 

high exceeding seven times of phosphate 

concentration. Therefore, this composition is 

corresponding to (Q
0
). This has been 

demonstrated by the recorded 
31

P NMR spectra 

in Figure 2.  

The dominant peaks are located in the + 2.1 

to + 1.6 ppm range which corresponds to the Q
0
 

phosphate units (PO4)
3-

. Adding 2 mol% Nd2O3 

does not influence the 
31

P-NMR spectra, since 

chemical shift values are identical.  It can be 

observed that the glass free from Nd2O3 is as 

well as glasses containing 2, 3 and 4 mol % 

Nd2O3 Nd2O3 has a single, symmetric Gaussian 

peak with a chemical shift of 2.2 ppm, which 

represents monophosphate (PO4)
3-

 units. The 

frequency peaks are thought to relate to 

orthophosphate Na3PO4. The assignments are 

confirmed with spectra obtained from pure 

crystalline compounds [14]. Furthermore, 
31

P 

NMR spectra of glass containing 4 mol% 

Nd2O3 is broader than that of glasses of lower 

Nd2O3 contents, the chemical shift is changed 

toward lower values. This might be attributed 

to the development of some ordered apatite 

phases that include Nd ions as a charge 

compensator. Furthermore, the little change in 

NMR chemical shift of the phosphate network 

with Nd2O3 addition might be attributed to 

Nd2O3's minor alteration of the phosphate 

network. This indicates that the majority of 

Nd2O3 is utilized only to alter the borate 

network, resulting in a significant reduction in 

the fraction of boron tetrahedral units (N4).   

The chemical shift in 
31

P NMR towards 

lower values and the slight increase in its 

FWHM (Table 1), with Nd2O3 content is 

following literature [15]. A little contribution 

from the Q
1
 phosphate units (P2O7)

4-
 is also 

found, with values ranging from- 7.0 to - 8.7 

ppm. Their presence indicates the existence of 

phosphorus in the region of rising Nd2O3 

concentration in the structure of tested glasses. 

The presence of Nd
3+

 cations in the structure of 

the studied glasses may explain the appearance 

of peaks attributed to diphosphate complexes in 

the spectrum. Their location has likewise 

shifted to the lower values, while their FWHM 

has changed dramatically. This might suggest 

the development of P–O–Nd type connections 

rather than P–O–Ca and P–O–Na type 

connections. It contributes to a modest increase 

in the polymerization degree of the phospho-

oxygen subnetwork. 

Table 1: NMR observed absorption peaks 

positions. 

Content of 

Nd2O3 

Chemical 

shift / 

(ppm) 

FWHM 

/ ppm 

Intensity/ 

% 

0 mol % Nd2O3 2.1 8.2 97 

 2 mol % Nd2O3 1.9 8.5 97 

3 mol % Nd2O3 1.7 11 77 

4 mol % Nd2O3 1.4 14 71 
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3.3. FTIR Spectroscopy of Nd2O3 doping 

borate bioglass 

The information about the arrangement of 

the structure of borate when the quantity of 

Nd
3+

 ions increase up to 4 mol% can be 

obtained by using the FTIR technique. The 

FTIR spectra of the glasses are presented in 

Figure 3. Broad, strong and weak absorption 

bands can be seen in the investigated 400 – 

4000 cm
-1

 regions.  
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Figure 3: FTIR of the glass samples with 

different contents of Nd2O3. 

The vibrations of the characteristic groups of 

atoms in the glass network are well known to 

be independent of the vibrations of the other 

surrounding groups in the glass [16]. The basic 

absorption bands of borate glasses are clear at 

three major bands, which are comparable to 

those reported by other studies [17, 18]. Figure 

3 shows the FTIR spectra collected from the 

borate sample (0 Nd) Nd2O3 content in the 

glass matrix. The addition of Nd2O3 content in 

the glass makes the band around 690–750 cm
-1

 

become sharper and shifted to a higher 

frequency of 665–770 cm
-1

. The appearance of 

split sharp FTIR spectral lines reinforces the 

idea of developing crystalline phases in glass 

due to the influence of Nd2O3 addition. The 

obtained broad bands may illustrate the 

amorphous nature of the investigated samples 

and are in agreement with the X-ray 

measurements of our prior study on the same 

glasses [19].  

Overall, with the addition of Nd2O3, FTIR 

spectra show that the broadness of the peak 

ascribed to BO4 groups decreases, while that of 

BO3 increases. This indicates qualitatively that 

the concentration of BO4 is decreased. This is 

aligned with the NMR spectroscopy data, 

which show a reduction in the intensity of the 

peak associated with the four coordinated boron 

atoms BO4 compared to the three-coordinated 

ones of BO3 when Nd2O3 concentration 

increases. The major changes are found in the 

fraction of boron tetrahedral units (N4), since a 

clear difference in (N4) value is considered 

between the investigated glasses. To follow the 

evolution of the triangular and tetrahedral 

borate units in the studied samples we used the 

fraction of four-coordination boron atoms:  

N4 = A4 / (A3 + A4) (1) 

where A4 and A3 denote the areas of the 

BO4 and BO3 units. Figure 4 shows the change 

of the fraction of the four-coordinated boron 

atoms, N4, in comparison to the Nd2O3 content 

of the glass samples. 

0 1 2 3 4
0.15

0.20

0.25

0.30

0.35

0.40

0.45

(N
4)

Nd2O3 (mol%)  
Figure 4: The fraction of the four-

coordinated boron atoms, N4, in comparison to 

the Nd2O3 content of the glass samples. 

It is obvious that N4 drops from 0.42 (at x = 

0) to 0.18 (at x = 4). This indicates that the 

presence of Nd2O3 even with limited 

concentration results even at low concentrations 

leads to a sharp decrease in the concentration of 

BO4 units in the borate network. The N4 data of 

Nd2O3 free glass agree with previous 

observations. It was found that the maximum 

N4 at about 4 mol% Nd2O3 [20]. The decrease 

in N4 with increasing Nd2O3 implies that NBOs 

are being generated to maintain charge balance, 

however, the direct observation of boron’s with 

non-bridging oxygens is challenging in these 

systems. Two main factors can play the role of 

decreasing N4 in presence of even a small 

concentration from the rare earth oxide ≤ 4 

mol%. The first one is referred to the relatively 

high concentration of the modifier oxide. For 

example, the number of BO3 triangles available 

to be transformed to BO4 would be increased to 

reach a specific maximum N4 at 35- 40 mol% 

of alkali oxide [21]. On the other hand, more 

addition of the modifier leads to the creation of 

NBO in the borate network leading to 

decreasing N4.   

https://www.sciencedirect.com/topics/physics-and-astronomy/boron
https://www.sciencedirect.com/science/article/pii/S2211379713000417#f0020
https://www.sciencedirect.com/topics/physics-and-astronomy/boron


 

Mans J Physics.Vol(37),2021 15 

The second mechanism relates to lowering 

the rate and concentration of BO3 triangle units 

which transformed to BO4 groups throughout 

the addition of an extra glass former beside the 

main glass former oxide (B2O3) to the network 

of the glass [22]. The above two considerations 

are not satisfied in the investigated glasses, 

since the relative concentration of the modifier 

oxide is fixed around 30 mol% which is 

extremely lower than the concentration which 

refers to maximum N4. In addition, the 

concentration of the added Nd2O3 is very 

limited (≤ 4 mol%). This leads us to suggest 

that there is another unusual role for Nd as rare 

earth which itself plays the role of the sharp 

reduction in the fraction of tetrahedral boron 

(N4). 

2. Conclusion 

Various techniques have been used to 

examine the structural characteristics of 

Neodymium borate glasses that are connected 

to the role of Nd2O3. The following conclusions 

might be used to summarize the new features 

that have been discovered. FTIR and NMR 

spectroscopy has revealed that Nd2O3 in binary 

borate glasses primarily serves as a glass 

modifier in the form of Nd2O3 units. The 

predicted ordered Nd-B-Nd connection affects 

the conversion of triangular BO3 units into BO4 

tetrahedra and results in a broadening of the 

spectrum. Rising the overall proportion of all 

four coordinated units B4 is strongly linked 

with increasing Nd2O3 concentration, resulting 

in the creation of more structured structures. It 

can be seen from the represented data that the 

intensity characterizing BO4 units is lower in 

glasses containing Nd2O3 when compared with 

that of the base glass. In addition, the full width 

at half maximum (FWHM) of glasses 

containing Nd is higher than that of Nd2O3 free 

glass. This leads that Nd ions are the main 

sources for creating broadening in the measured 

spectra. In glass containing Nd2O3, the relative 

intensity of the peak owing to the BO4 units 

reduces when compared to the intensity of the 

peaks attributable to the BO3 unit.  It indicates 

that the trace amounts of rare earth oxides (≤ 4 

mol%), represented by Nd ions, have been 

reported to stimulate the modifier oxide to be 

more active for playing a role of borate back 

conversion and promote asymmetric units 

(borate units containing NBO). Then, a few 

Nd2O3 additions to the borate glasses produce a 

partial back conversion from BO4 to BO3 

groups. 
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