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The spin-lattice relaxation time T, of protons in polycrystalline N2H6S04 has been 
measured at 29 and 34 MHz as a function of temperature from 167°K to 514°K. At 
29 MHz, T, goes through a minimum of 17 msec at 242°K and a minimum of 400 msec 
at 425°K. The temperature dependence of r, between 167°K and 357°K is character- 
istic of a single relaxation mechanism, probably reorientation of the NH3 groups 
about the N-N axis. At 481 “K TI increases very sharply with increasing temperature, 
and upon decreasing the temperature from above 481°K, TI decreases with a dis- 
tinctly different temperature dependence down to 437°K. This behavior in TI is 
indicative of a first-order phase transition. 

INTRODUCTION 

Hydrazine sulfate is an orthorhombic crystal containing four molecular units per 
unit cell. An X-ray and neutron diffraction study (I) shows that the N,Hi+ ions are 
hydrogen bonded to the surrounding SO;- lattice. The study further shows that the 
environments of the two NH3 groups comprising the N*H;f‘+ ion are distinctly different. 
In one NH, group each hydrogen atom participates in one N-H. . a0 bond. The 
hydrogen atoms of the other NH, group are involved in a total of seven N-H. . -0 
bonds. The thermal parameters of the hydrogen atoms and the He . -0 distances 
indicate that the former NH3 group is more tightly bound to the neighboring sulfate 
lattice than the latter. 

A magnetic resonance study of the proton line width (2) indicates that both NH3 
groups reorient about the N-N axis at about the same rate and with the same activation 
energy. A room temperature deuteron magnetic resonance study (3) is consistent with 
this idea in that evidence of only one type of ND, reorientation was observed. 

The spin-lattice relaxation time measurements obtained in this investigation provide 
an additional means of studying the thermal motion of the protons in N2H,$0,. 

EXPERIMENTAL 

Three different samples of polycrystalline N2H6S04 were used in the experiment. 
The first was obtained from Eastman Kodak and was of unknown purity. The second 
was obtained by recrystallization from an aqueous solution. The third was a Fisher 
reagent grade sample. 

The Tl measurements were made with a single-coil, variable frequency spectrometer 
at 29 and 34 MHz. The spectrometer employed an Arenburg pulsed oscillator and a 
30-MHz LEL receiver. The timing system consisted of Tektronix 160 units. A 90”~t-90” 
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pulse sequence was used. Pulse lengths ranged from 5 to 9 psec, and the signal was 
observed 25-30 psec after the initiation of the second 90” pulse. A 9-in. Varian electro- 
magnetic was used with a Field Dial regulator. 

Temperature control was obtained by means of an electronically regulated gas flow 
system. A copper-constantan thermocouple placed near the sample and a Rubicon 
potentiometer were used to measure the temperature. Temperature control was 
effective to within %l “K. 

RESULTS 
In Fig. 1 the measured values of T, for the protons in N2H,S0, are plotted on a 

logarithmic scale as a function of inverse temperature. The nuclear relaxation was 
characteristic of a single T, at all temperatures. No significant dependence of the data 
on the sample type was observed; consequently, no distinction is made between data 
points on the basis of sample type. 
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FIG. 1. Proton T, us. reciprocal temperature. 0, Increasing temperature, 34 MHz; o, decreasing 
temperature, 34 MHz; x, increasing temperature, 29 MHz. 

The results of the measurements from 167°K (103/T= 6.0) to 357°K (103/T= 2.8) 
can be interpreted in terms of dipole-dipole interactions between protons within NH3 
groups, where all NH, groups are approximately equivalent. The proton-proton 
distances given by Jijnsson and Hamilton (1) indicate that the contribution to the 
relaxation from intergroup interactions should be negligible compared to the contri- 
bution from intragroup interactions. Proton-nitrogen interactions also can be neglected 
because of the small magnetic moment of the nitrogen nucleus. 

The relaxation rate for intramolecular dipole-dipole interactions, neglecting cross- 
correlations, is given by (4), (5): 

2- = ~y”tt’l(I + 1) 1 [J$+Jo) + @(2w,)], 
Tl I#k PI 
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where 

F&’ = r;z cos 8,, sin ej, exp(f$J, 
Fj’k’ = rj;;’ sin2 e,, exp(f2i+,,). 

y and I are the gyromagnetic ratio and the spin number of the nucleus, and w. is the 
Larmor frequency. ejjk, #jk and rj, are the laboratory polar coordinates of spin k with 
respect to spin j. Often the correlation function can be shown to be an exponential 
function of time; that is, 

C,tk(4 = CjdO) exp(--7/T,), 

where T= is the correlation time. If this assumption is made, then 

and 
JIilk)(oo) = 2r,$ COS* Oj, sin* e,,[T,/(l + &+)], 

J’j2k’(2wo) = 2r72 sin4 Oj,[TJ(l + 4wfi$)]. 

Thus, the relaxation rate of an NH3 group depends upon its orientation with respect to 
the applied magnetic field Ho. 

The observed relaxation for a powder is obtained by averaging exp(-t/T,) over all 
orientations. Although, in general, this average does not yield an exponential, it can be 
shown that the average relaxation is approximately exponential, with a time constant 
given by the average of Eq. [l] (6). Thus, the observed relaxation rate for an NH3 group 
in a polycrystalline sample is given by 

l/T1 = 3y4h2rm6 
( 

7, 47, 
1 + OiTf + 1 + 4W2T2 1 . oc 

PI 

The minimum value of T1 given by Eq. [2] occurs when WIT, = 0.616. Using a mean 
H-H distance of 1.718 A for one NH, group and 1.594 A for the other (I), the minimum 
values calculated for T1 at 29 MHz are 9.7 and 5.8 msec, respectively. The observed 
T, minimum at 103/T = 4.15 is 17 msec for 29 MHz. 

Equation [2] predicts that T1 should be independent of w. when wo7, < 1 and should 
be proportional to wi when WIT, s 1. This frequency dependence has been observed in 
N2H6S04 between 167 and 347°K (Fig. 1). 

If it is assumed that the correlation time is described by an equation of the type 
T, = (T,)~ exp(E,/kT), then the activation energy E, can be determined from the linear 
portion of the In T, us. 103/T curve, and the pre-exponential (TJ~ can be determined 
from the location of the T, minimum. The activation energies calculated from the low 
temperature and high temperature sides of the deep minimum at 242°K (103/T = 4.15) 
are 0.245 and 0.299 eV, respectively. The average is taken as (0.272 f 0.022) eV. The 
calculated value of (T,). is 6.0 x lo-l5 sec. 

The T1 data above 357°K is shown in more detail in Fig. 2. The minimum value of 
T, at 425°K is about 400 msec, which is much larger than the calculated minimum for 
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dipole-dipole interactions within an NH3 group. The dependence of TI upon the 
Larmor frequency w. in the vicinity of this minimum has not been clearly established. 
A larger separation of frequencies would have been desirable but was unattainable 
with the apparatus employed. 

At about 481°K (103/T= 2.08) T, rises very rapidly with increasing temperature. 

I.0 ’ 1 ’ ’ ’ ’ 1 1 1 1 1 
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FIG. 2. Proton T1 us. reciprocal temperature in the vicinity of the transition. l , Increasing tempera- 
ture, 34 MHz; o, decreasing temperature, 34 MHz; x, increasing temperature, 29 MHz. 

Within two or three degrees TI changes by a factor of about three. Beyond this tempera- 
ture TI increases more slowly and becomes nearly constant as the melting point is 
approached. As the temperature is decreased from above 481”K, TI decreases with 
a distinctly different dependence upon temperature down to about 437°K. This 
behavior in TI is indicative of a first-order phase transition. 

The samples were observed to slowly decompose near the observed melting points, 
which were between 515 and 518°K for the different samples. The accepted value of the 
melting point is 527°K (7). However, decomposition was ruled out as being responsible 
for the temperature hysteresis between 437 and 481”K, because the hysteresis could be 
reproduced after the sample had been subjected to high temperatures. 

DISCUSSION 
The T, measurements between 167 and 357°K suggests that reorientation of both 

NH3 groups in N2H,S04 takes place with approximately the same correlation times. 
This finding is consistent with the proton line width measurements of Deeley et al. (2) 
and with the deuteron resonance study of Morton and Howell (3). The measured 
activation energy of 0.27 eV can be compared with Deeley’s value of 0.27 eV obtained 
from line width measurements and 0.16 eV obtained from second moment measure- 
ments. Activation energies that have been obtained for NH3 reorientation in other 
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compounds include 0.18 eV for lithium hydrazinium sulfate (8) and values ranging from 
0.13 to 0.23 eV for triglycine sulfate, triglycine beryllate, and triglycine selenate (9). 

It is not clear what type of motion affects the relaxation time between 357 and 480°K. 
A reduction in the proton Ti in lithium hydrazinium sulfate at high temperatures has 
been attributed in part to diffusion and reorientation of the N2H: ion as a whole (10). 
It is possible that similar motions of the N2H6++ ion in hydrazine sulfate could affect 
TI between 357 and 480°K. 

A thermal hysteresis has been observed in the relaxation time measurements of 
several other compounds in the vicinity of a first-order phase transition. For example, 
Miller et al. (II) have observed a T, hysteresis near the first-order ferroelectric and 
antiferroelectric transitions of some ammonium salts, and Pintar et al. (Z2) have ob- 
served a T, hysteresis near the structure transition of NHJ. Additional measurements 
are needed in order to determine the nature of the transition in hydrazine sulfate. 
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