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Magic angle spinning nuclear magnetic resonance (MAS NMR) is used to measure the 2°Si
chemical shift and full width at half maximum in Na,0-2SiO,-xMnO for 0.0 < x < 0.8
glasses. The large space varying magnetic field of the paramagnetic centers increases the
line width and moves the chemical shift to a lower frequency, i.e. more shielded, with the
increase of Mn**. The T, relaxation time falls rapidly and the relaxation rate is shown to be
proportional with the concentration of MnO. The differential thermal analysis (DTA) results
show that the glass transition temperature, Ty, crystallization temperature, Ty, and liquidus
temperature T do not change due to addition of MnO. This suggests that Mn** does not
form chemical bond with the network. However, the Mn** acts as nucleating agent and
enhances the crystallization and the rate of crystallization can be tailored by judicious
choice of the amount of MnO. © 2000 Kluwer Academic Publishers

1. Introduction several authors [6, 7, 9] but the change of full width
The sodium silicate glass structure has been invesat half maximum (FWHM) and chemical shift (CS) in
tigated by several techniques, e.g. infrared [1], ra-glasses has notbeenreported. Moreover the presence of
dial distribution function obtained from X-ray diffrac- any paramagnetic centers may influence nucleation [18]
tion, X-ray photoemission spectroscopy and Ramar@nd hence enhance phase separation, crystallization etc.
spectroscopy [2—4], and nuclear magnetic resonanc&his may also affects the structural and chemical prop-
(NMR) [5-10]. The later technique is sensitive to the erties of glasses.
local order of network former silicon nuclei in silicate  Considering all the facts we have chosen sodium dis-
glasses and information can be obtained about neareticate glass with varying amounts of MnO to perform
and next nearest neighbor in an efficient way. How-a quantitative measurement of tH&i nuclear proper-
ever the?°Si spinlattice relaxation timd@z, which is  tiesusing MAS NMR. A systematic study of the relative
a characteristic of the rate of transfer of energy fromcrystallization in the system as a function of impurity
the nuclear spin system to its surroundings followingconcentration is also reported to observe the Mn lat-
a perturbation, is typically 10-60 minutes [11] in an tice site with the help of differential thermal analysis
undoped sample and prolongs the NMR experimenta(DTA).
tion. Thus the reasonable signal-to-noise ratio for the
29si nuclei is difficult to achieve and several attempts
[6, 8, 9] have been made to facilitate the NMR exper-2. Experimental
iments by incorporating the paramagnetic centers int@.1. Glass preparation
the glass systems that reduces #8i T; relaxation Glasses of nominal composition p&2SiO, with
time. varying amounts of MnO were prepared from reagent
The presence of paramagnetic impuritiesinduces lingrade Limoges quartz, sodium carbonate and man-
shifts and nuclear spin relaxation because of the spaaganese carbonate. The Mng®as added, in amounts
varying magnetic field produced by the impurity mo- of 0.0, 0.05, 0.1, 0.2, 0.4 and 0.8 mol%, henceforth
ment [12-17]. The paramagnetic centers change theeferred to as N2S0, N2S05, N2S1, N2S2, N2S4 and
chemical shiftand reduce spin-lattice relaxation time 0fN2S8 respectively depending on the concentration of
quadrupolar nuclei [16, 17]. The impurity moment hasMn, to observe its effect in nuclear and structural prop-
also a significant effect on the line shape. The changerties. Glasses were melted in platinum crucibles at
of 2Si relaxation time due to incorporation of para- 1100°C and then quenched to room temperature by
magnetic impurities has been reported qualitatively bypressing between two carbon coated steel plates.
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2.2. NMR measurements and DTA

The NMR measurements were carried out using a
Bruker MSL 360 spectrometer. Samples f88i MAS
NMR were spun at 3—4 kHz andwg/ 6 pulse, followed

by a sufficient relaxation delay to unsaturate the signal,
was employed to collect the spectra. Tetramethyl silane
was used as a reference to set the chemical 8hit.
The T, relaxation time of thé%Si resonance was mea-

sured using a saturation recovery method [19] where &

a train of tenz/2 pulses followed by an observatory
pulse with sufficient relaxation delay was employed.
The timeT; is measured from the slope of the straight
line. An exponential line broadening of 50 Hz, i.e. ef-
fective increases in line width of about 0.2 ppm was
applied during the processing of thi&si MAS NMR
spectra. All the glasses were examined by DTA, using

a Stanton Redcroft DTA 1500, to determine the glass

transition temperaturdy, the crystallization tempera-
ture, Ty, and the liquidus temperaturg,.

3. Results

3.1. 2Si NMR and relaxation time

The changes in thé®Si MAS NMR spectra of
Na,O-2Si0,-xMnO for 0.0 < x < 0.8 are shown in
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Figure 2 29Sj relaxation of sodium disilicates with different amounts of

Fig. 1. Semilogarithmic plots of recovered magneti-Mno. In order to prevent overlapping ¥ Mz) of each plot is shifted.
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Figure 1 2°Si spectra of NgO-2Si0, glasses with varying amounts of
MnO.
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Figure 3 29Sj relaxation rate as a function of MnO content in sodium
disilicate base glasses.

N2S1-N2S8 are shown in Fig. 2 and the effect of
paramagnetic centers on the relaxation rate is shown
in Fig. 3. The relaxation rate is roughly linear, i.e. a
steep drop iril; for low concentration of Mfi*. The
gradient AT ~1/AC), whereC is the concentration of
MnO, gives 0.66 s5/%. The spectral parameters and
the T, relaxation times are summarized in Table |. The



TABLE | Spectral parameters, relaxation timég, Tx andT. of NapO-2S

i0;-xMnO glasses

Liquidus

Level of Chemical FWHM Glass transition Crystallization
MnO shift (ppm) (ppm) Tirelaxation Relaxation rate () temperatureTy (°C) temperatureTy (°C) temperaturel, (°C)
Sample (mol%) +0.5 +0.5  time (s) x 1072 +5 +2 +2
N2SO 0.0 —88.8 10.5 112+9.8 090+ 0.08 457 643 890
N2S05 0.05 —88.8 10.6 — — — — —
N2S1 0.1 —89.0 115 20+22 481+05 453 639 887
N2S2 0.2 —89.2 125 N+10 127+16 459 643 888
N2S4 0.4 —89.4 14.0 0+03 251+19 451 638 884
N2S8 0.8 —89.9 15.0 18+02 568+6.3 456 640 889
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Figure 4 Variation of (a) full width at half maximum (FWHM) and
(b) chemical shift (CS) with MnO content in M@-2Si0, glasses.

variation of FWHM and chemical shift as a function of
MnO content is shown in Fig. 4.

3.2. DTA

In order to observe the relative rate of crystallization
due to varying amounts of MnO in N@-2Si0, DTA
experiments were carried out. The glass transition te
perature]y, the crystallization temperaturg, and the
liquidus temperaturél, , of the glasses are recorded in
Table I. TheTy, Ty and T, do not change due to ad-
dition of paramagnetic impurity, MnO, in the system
but the rate of crystallization increases with the im-
purity concentration. An example of this is shown in
Fig. 5. Exactly the same pair of crucibles and the sam

m

Temperature (°C)

Figure 5 DTA traces of sodium disilicate glasses with (a) 0.0 MnO
(b) 0.1 mol% MnO and (c) 0.4 mol% MnO. Peak heights are normalized.

fore the Q3 chemical shift is relatively unaffected by
the connection®3; < Q4 and Q2 < Qs. The appar-
ent change in thé®Si line widths and chemical shifts
(Fig. 4; Table I) with the increase of paramagnetic cen-
ters is due to modification of the local field in the vicin-
ity of silicon nuclei [20]. The chemical shift moves
towards a lower frequency, i.e. more shielded and a
similar effect is observed for alkali ions [16, 17].

The magnetizatioM due to the presence of para-

magnetic centers is given by [21]

g?u? (S+1)
NZE 22T g
3 kT °

[12

M 1)

e

amounts of samplgs were taken for the measurementgy/hereN is the number of impurity ions per unit vol-
Therefore the relatively large area under the exothermigme, g is the Landeg-factor, 1« is the Bohr magneton,

peak must represent the higher crystallization rate.

4. Discussion

4.1. NMR results

Impurities are unavoidable constituents in the glass sy
tem. The presence of paramagnetic impurities in th
diamagnetic solids changes the magnetic properties

S is the spin of manganesk,is the Boltzmann con-
stant andT is the temperature. All the terms in the
right hand side of Equation 1, exceldt are constant.
The value ofN for 0.1 mol% MnO in NaO-2SiO,

is 7.87x 10°® m~2 and that for 0.8 mol% MnO is
$.3 x 10?’m~3,i.e.M increases linearly withl. More-
@ver the field varies as/t3, i.e. the silicons at differ-
a@nt distances see different fields. Thus #P@i in the

the constituent elements. The large impurity momenneighborhood of paramagnetic centers sees a large field
may have an influence on the line width and on thein comparison to its average local field. Therefore the

chemical shift.

The alkali to silicon ratio is constant for all the sam-

nearby silicons do not contribute to the NMR signal, i.e.
within a radius b’ there will be no spin diffusion [13].

ples and it would be expected that the amounts (%) hus the large space varying magnetic field is the cause

of Q4 and Qz, whereQm (0 < m < 4) represents

of relatively wider line width and more shielded chem-

the number of bridging oxygen of the network former ical shift. Increased addition of MnO will ultimately
silicon, might be the same in all the materials. There-wipe out the?Si signal.
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4.2. T, relaxation time be wiped out due to large space varying magnetic field
The overall process involves the rate at which diffuseof the impurity. The MA™ reduces thel; relaxation
energy to the paramagnetic centers and the rate at whighme significantly without occupying any lattice sites.
the magnetic centers equilibrate spins in their neighborThe MnO enhances crystallization, which is confirmed
hood [14, 15]. For both fast and slow diffusion limits by DTA. Much further work with other paramagnetic
several authors [12—17] have shown that the relaxatioimpurities, e.g. Cd*, Gdt™ etc. is also possible and

rate is proportional to the concentration of the impuritythe work is in progress to present the results.

ion. Fig. 2 and Table | shows the marked change of
relaxation time and Fig. 3 clearly shows that #8i
relaxation rate in NgD-2Si0,-xMnO is proportional,
within the experimental error, to the impurity concen- 1.
tration as expected. Although the sample N2S0 does®
not contain MnO but it does contain some impurities, 5
e.g. FeO3 =11 ppm, AbO3; =162 ppm, which could

reduce the relaxation time. Thus the straight line of 4.
Fig. 3 is not expected to be passed through the origin. 5

4.3. Thermal analysis ®

Impurities enhance nucleation, phase separation, crys7.
tallization etc. and hence change the glass property [22].
Paramagnetic impurities may also have a profound ef-
fect in this respect. Addition of paramagnetic impu-
rity up to 0.8 mol% is not reflected in any appreciable o

change ofTy, Ty and T, (Table I). This suggests that 1o0.

MnO is not chemically bonded to the network.

The area under the crystallization peak for the sami1:

plesN2S0 (0.0 mol% MnO) and N2S1 (0.1 mol% MnO) , ,
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