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Why is the structure of phosphate glasses 
important ? 

? Phosphate glasses have beneficial optical and thermal properties, 
as compared to traditional silicate and borate glasses
— Low glass transition temperature 

— High thermal expansion coefficient
— Low index of refraction

— Greater ultra-violet transparency

–– These properties make phosphate glasses attractive for These properties make phosphate glasses attractive for 
specialty sealing and optical applicationsspecialty sealing and optical applications

? Correlations between structure, composition and properties allow
for better design of glass composition for specific applications

— Provide a better basic understanding of how changing 
composition will affect glass properties

–– Possible to understand anomalous behavior in Possible to understand anomalous behavior in 
phosphate glassesphosphate glasses
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MAS NMR has been used to investigate the 
structure of modified phosphate glasses 

? 31P MAS NMR can be used to identify and quantify the species 
present in phosphate glasses

— Qn species have different chemical shifts which are discernable 
in most glasses

— Simulation of the NMR spectra can return relative ratios of the 
species present in the glass

? 27Al MAS NMR can track changes in alumina coordination in 
phosphate glasses

— Alumina coordination changes from 6 to 5 to 4 with increasing 
alumina concentration in order to prevent Al-O-Al bonds

? 6,7Li, 23Na and 133Cs MAS NMR have been used to investigate alkali 
coordination environments in phosphate glasses

— Changes in chemical shift can be correlated to changes in 
alkali-oxygen bond lengths and coordination
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Oxygen is problematic for NMR observation 

? Oxygen represents 72% of the volume of v-P2O5

— Necessary to understand oxygen environments in phosphate 
glasses

? 16O is not an NMR active nuclei

— 99.762% natural abundance

? 17O is NMR active

— 0.037% natural abundance
– Must isotopically enrich samples for observation

– 17O labeled materials are expensive (~$100/g H2
17O)

— Spin 5/2 -- quadrupolar nuclei

– Possibility of multiple quantum (MQ) experiments in order 
to elucidate structures present within the sample
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P2O5 represents the prototypic phosphate glass 
former 

? P2O5 was identified by Zachariasen as a model glass former

? v - P2O5 is composed of phosphate tetrahedra connected in a three 
dimensional network by three of the tetrahedral oxygen atoms

— The fourth oxygen atom on the tetrahedra is a doubly bounded 
terminal oxygen

?? PP22OO55 is extremely hygroscopicis extremely hygroscopic
— Tends to hydrate with any atmospheric moisture to form 

phosphoric acid

— Must be handled using dry box techniques to prevent 
contamination
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P2O5 can be created from red phosphorus and 
oxygen gas 

? P2
17O5 is created by heating red phosphorus to 300oC under 85 kPa 

of vacuum, then back-filling the reaction vessel with 17O2 gas

Red phosphorus

17O2 gas

? The resulting material is twice vacuum sublimed to form the 
crystalline P2

17O5 phase
? v - P2

17O5 is created by melting the crystalline P2
17O5 in sealed 

silica ampoules at 900oC for 15 minutes

P2
17O5

Sublimated

Ar Dry Box

P2
17O5

Sealing

Melting

Furnace

900ºC

15 min
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31P MAS NMR can be performed to check phase 
purity 

? v-P2O5 has one broad isotropic 31P MAS NMR peak centered at       
-51.5 ppm

? c-P2O5 has two isotropic 31P MAS NMR peaks centered at -46.2 
and -35.8 ppm

vitreous

crystalline
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17O MAS NMR clearly shows the difference 
between vitreous and crystalline P2O5

? v-P2O5 has a broad resonance due to the distribution of oxygen 
environments within the glass 

? c-P2O5 has multiple quadrupolar resonances present within the 
sample that can be fit using powder patterns

crystalline

vitreous
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17O 1D MAS NMR has been performed at 
various fields (9.4 T, 14.1 T, 17.6 T and 19.6 T)

? The 2nd order quadrupolar coupling constant (QCC) decreases with 
increasing magnetic field strength

? Easier to resolve various species

-300-200-1000100200300400

ppm

9.4 T

14.1 T

17.6 T

19.6 T

17O 1D MAS NMR
c-P2O5
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17O 1D MAS of c-P2O5 (14.1 T)  shows three 
discernable oxygen sites
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17O MQMAS of c-P2O5 (14.1 T) confirms three sites
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The bridging oxygen species is The bridging oxygen species is 
very difficult to excitevery difficult to excite
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17O slices of MQMAS c-P2O5 (14.1 T) with fit
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17O MAS NMR  c-P2O5 (14.1 T)

TO (1) TO (2) BO
1D MQMAS 1D MQMAS 1D MQMAS

QCC (MHz) 4.0 4.1 3.8 3.9 7.5 7.5
? 0 0 0 0 0.6 0.6

?iso (ppm) 109.3 107.3 79.8 78.4 123 119.2

? Assignments made for 1D spectra are accurate
? Indeed have three individual oxygen species present in the crystal

— Two of which have similar configurations 

– QCC and ?
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Conclusions and future work 

? Successfully isotopically labeled P2
17O5

? Identified the species present in the crystalline sample, and 
estimated the relative ratios of the different species

? The crystalline and vitreous samples have similar powder patterns in 
the 1D MAS spectra

? Need to perform XRD to determine crystalline phase(s) present

? Need to perform MQMAS on the vitreous sample to determine 
number of oxygen species present in the sample
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