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ABSTRACT

 The interaction of hydrazine vapors with single-crystal germanium was studied by using the 
thermogravimetric method. The article considers the processes taking place on the surface of Ge 
up to the formation of Ge3N4 nitride, in particular, the accumulation of N2H4+H2O vapors and their 
etching with water vapor contained in hydrazine.
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INTROdUCTION

 The interaction of hydrazine vapors 
with elemental germanium is one of the ways to 
obtain of germanium nitride (3Ge(s)+2N2H4(g)→ 
Ge3N4(s)+ 4H2(g)),a promising material in electronics, 
photocatalysis, luminescence, energy storage and 
others1-4. In5, the kinetics of interaction of hydrazine 
vapors with the surface of single-crystal germanium 
was studied using  thermogravimetry. It was shown 
that the process consists of several successive 
stages: accumulation of N2H4+H2O vapors on the 
sample surface, etching of the Ge surface with water 
vapors contained in hydrazine, and the formation 
of Ge3N4 with its simultaneous sublimation. The 
kinetic curve ( mass change of sample-time) of the 
process, reflecting all the indicated stages, is shown 
in Fig.1  from5. Curves of this shape were obtained 
at temperatures of process of 700<T<750℃. This 

communication provides data on the interaction of 
hydrazine vapors with the surface of single-crystal 
germanium at lower temperatures (450≤T≤700℃) 
to study the initial stages of the process in detail.

Fig. 1. (1)-mass change of the germanium sample in 
hydrazine vapors at 720oC from5: OA-“adsorption” of 

vapors, ABC-etching of the Ge surface, Cd-formation of 
Ge3N4, dEF- its sublimation; (2)-the growth curve of nitride
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ExPERIMENTAL

 In the experiments, we used plates of single-
crystal germanium doped with Sb (concentration 
of charge carriers ≅2×1014cm-3, resistivity ≅35 
Ohm•cm, orientation {111}). They were successively 
degreased in boiling toluene, dried in the air, etched 
in a liquid etchant HF: HNO3:CH3COOH = 1:15:1 
for (4-5) min and, washed in running distilled 
water, followed by drying. Commercial hydrazine-
hydrate (50 mol% or 64 wt% N2H4) was dehydrated 
by Raschig's method6 with modification: before 
distillation, it was boiled with NaOH in an inert N2 
atmosphere at 120℃ for 2 hours. The resulting 
liquid had a density (at 20℃) of ≅1.008 g/cm3 and 
a refractive index of ≅1.471. It should be noted that 
the literature data on the physical characteristics of 
hydrazine (by which the concentration of water in it is 
estimated) differ from each other. This is apparently 
due to the well-known difficulties in the precise 
determination of the physical characteristics of 
highly hygroscopic hydrazine. (So, the above value 
of the refractive index, according to the literature, 
corresponds to 100% N2H4.) Therefore, the degree 
of moisture content in the hydrazine we use should 
be judged only approximately. It should also be 
noted that during storage of dehydrated hydrazine 
in a special ampoule under vacuum, no change in 
its physical characteristics was observed for several 
months. However, a significant difference was 
found in the kinetics of the interaction of its vapors 
with germanium under the same other conditions  
(Fig. 2). The curves shown in this Figure show a 
regular increase in the amount of “adsorbed” vapors 
and the etching rate of the germanium surface with 
increasing storage time. Since the etching process 
is caused by water vapor contained in hydrazine 
(Ge(s)+H2O(g)→GeO(g)+H2(g))7, it can be assumed 
that hydrazine is gradually moistened during its 
storage. (We point out again that the change  the 
degree of moisture cannot be determined by the 
physical characteristics of hydrazine.) Subsequently, 
a satisfactory reproduction of the kinetic curves was 
observed and, a series of experiments were carried 
out at different temperatures. The weighing of the 
samples was carried out on a rocker microbalance  
with electromagnetic compensation of the mass 

change of the sample (sensitivity ≅10-6g). The inlet 
pressure of hydrazine vapors was ≅1.6×103Pa, 
which increased (1.7÷2.9) times during the process 
depending on temperature.

(a)

(b)
Fig. 2(a) kinetic curves of interaction of  hydrazine vapors 

with germanium at 720oC: (1)-the process carried out 
immediately after distillation of hydrazine-hydrate, (2) -two 

weeks after distillation, (3)-after month; (b)-initial sections of 
curves from Figure 2(a)

RESULTS ANd dISCUSSION

 Figure 3 shows the kinetic curves obtained 
at temperatures where only the accumulation 
of N2H4+H2O vapors occurs on the germanium 
surface (450≤T<600℃). The process is completely 
reversible and reproducible, which indicates its 
physical nature. With an increase in temperature, 
the “adsorption” branch of the curves is gradually 
suppressed (for example, at 740℃, this branch 
disappears completely) due to the etching of 
the germanium surface (Fig. 4). However, by 
eliminating the contribution of this process to 
the mass change of the sample, it is possible to 
plot the “adsorption” curve graphically (inset to  
Fig. 4). These curves are described by the 
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asymptotic equation m = mmax(1-exp(-kt)), where 
m is the sample mass gain over time t, mmax is its 
limiting value, k=(αμ+μ1)/μ2 is the adsorption rate 
constant (α is the accommodation coefficient, μ and 
μ1 is the number of molecules hitting and evaporating 
r/s cm2 of the surface per 1 sec, μ2 is the number 
of gas molecules in a monolayer per cm2 of the 
surface). The value mmax, determined graphically, 
regularly decreased from 0.26 to 0.11 mg/cm2 with 
increasing of temperature; the value of the constant 
k was calculated according to the above equation, 
taking into account the experimental data on the 
dependence (m-t) and amounted to (3.09÷3.89)×10-4 
sec-1. The temperature dependence of this constant 
(Fig.5) gives almost zero value of the activation 
energy of the process, which serves as an additional 
argument to confirm its physical nature. Control 
experiments were also carried out using single-crystal 
silicon at temperatures not conjugated with forming 
a surface or volatile compound (650÷850℃). These 
experiments gave simillar results (Figures 3 and 5).

Fig. 3. kinetic curves of interaction of hydrazine vapors 
with germanium at: (1) 450, (2) 500, (3) 550oC and with 

silicon at (4) 650, (5) 750, (6) 850oC

Fig. 4. kinetic curves of the interaction of hydrazine vapors 
with germanium at: (1) 600, (2) 650, (3) 675 and (4) 700oC 

(curve 4 = curve 3 from Fig. 2 (a)). On inset-(1) initial section 
of curve 2 and (2) graphically plotted “adsorption” curve

 Same Fig. 5 shows the temperature 
dependence of the etching rate of the germanium 
surface by water vapor contained in hydrazine. 
These velocities are calculated both according 
to Fig. 4 (for 600÷700℃) and according to the 
data obtained at higher temperatures. (Since 
this process corresponds to a rectilinear mass 
decrease, the etching rate constant coincides with 
this rate.) The activation energy of the etching 
process is ≅53 kcal/mol, which agrees with the 
literature data on the heat of vaporization of 
germanium monoxide GeO(48÷55 kcal/mol).

Fig. 5. Temperature dependences of the “adsorption” 
rate constant for (1) germanium, (2) silicon, and (3) 
etching rates of the germanium surface: [k] = sec-1, 

[V] = g/cm2 sec

CONCLUSION

 So, the processes of accumulation of 
N2H4+H2O vapors on the germanium surface 
and etching of the given surface are researched. 
These processes activate the surface for further 
nitridation and nitride formation. As the kinetic 
dependences of the sample mass change 
evidence, the growth of Ge3N4 is seen as a 
gradual mass increase following the processes 
of “adsorption” and etching.
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