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The vapor pressure of tetrakis(dimethylamino)germanium (CAS RN 7344-40-3) was measured using the
static method in the technologically important temperature range (278 to 308) K. The experimental data
were fitted with the Clarke and Glew equation. To our knowledge, this is the first time that the vapor
pressure measurements for this compound are reported.

Introduction

Metalorganic vapor phase epitaxy (MOVPE) and other
epitaxial techniques use a broad variety of organometallic
precursors. The knowledge of the essential physical and
chemical parameters of such compounds is necessary for precise
application of these materials during technological processes.
In particular, volatility data and a detailed vapor pressure
equation are essential for controlled precursor dosimetry and
thermodynamic analysis of MOVPE growth.1-3 At the pressures
typical of organometallic precursors, often less than 1000 Pa,
the accurate determination of vapor pressure is not an easy task.
It is not unusual for measurements made by different methods
or in different laboratories to differ relative to each other by
tens of percent or even orders of magnitude. Contamination of
the sample by a gas or a volatile liquid is a common source of
error, and maintaining an accurately calibrated pressure gauge
below 1000 Pa is always difficult. Organometallic precursors
present additional challenges because many are pyrophoric,
toxic, or sensitive to moisture and oxygen. Special care is needed
for their safe handling and for avoiding the uncertainties caused
by their decomposition products. As a consequence, experi-
mental vapor pressure data for these compounds either show
significant scatter or are unavailable. Our laboratories have been
involved in systematic measurement of vapor pressure of new
as well as recently available high quality precursors used for
MOVPE. The vapor pressure data of the precursors of Ga, Al,
Sb, Zn, Si, In, Y, Zr, and Ge (Ge(OCH3)4 and Ge(OC2H5)4)
were published in our previous works.4-10 In this work, we
report the vapor pressure data for tetrakis(dimethylamino)ger-
manium, Ge[N(CH3)2]4, in the technologically important interval
(273 to 308) K. Ge[N(CH3)2]4 is the precursor used for the
growth of Ge-Te and Ge-Sb-Te alloys which are under
intense investigation for applications in the field of optical and
electrical storage due to their fast reversible crystalline-to-
amorphous phase transition induced by either laser or electrical
pulses. Phase-change materials are now successfully employed

in the optical data storage and are becoming promising
candidates for the future electronic storage applications.11

Experimental Section

Ge[N(CH3)2]4 was supplied by SAFC HitechsSigma Aldrich
in a stainless steel container under nitrogen atmosphere. The
metal mass fraction impurities as determined by ICP-MS were
less than 1 ·10-7, and organic impurities as determined by FT-
NMR were less than 2 ·10-5. The container was equipped with
VCR fittings allowing direct connection to the degassing and
measuring apparatuses that were kept under high vacuum. This
avoided any contamination of Ge[N(CH3)2]4 by oxygen or
moisture during the degassing and vapor pressure measurements.
The thorough degassing was performed by a multistage vacuum
distillation as described in detail in ref 9.

Apparatus and Procedure. Vapor pressure measurements
were performed using the static method with an apparatus
internally denoted as STAT4. The apparatus and measuring
procedure were previously described in detail.12 Therefore, only
a short description is given.

The pressure was measured by a capacitance diaphragm
absolute gauge MKS Baratron 690A11TRA (MKS Instruments
Inc., USA). Its measuring upper limit is 1333 Pa. The temper-
ature of the pressure sensor was kept at T ) 318 K by the self-
controlling temperature system. The calibration of the gauge
performed by the manufacturer at 11 equally spaced pressures
from (0 to 1333) Pa with a maximum relative deviation of 0.03
% is traceable to the National Institute of Standards and
Technology (NIST). Additional calibration focusing on the
beginning of a pressure span was performed in the Czech
Metrology Institute. The uncertainty of the pressure reading is
estimated to be less than 0.05 %. The sample temperature was
measured by a platinum resistance thermometer Pt100 in a four-
wire connection. The thermometer was calibrated at the ice point
and/or by comparison to the standard platinum resistance
thermometer (SPRT). This SPRT was calibrated to the ITS-90,
and its calibration was traceable to NIST. The uncertainty of
the temperature measurement was estimated to be less than 0.02
K. All temperatures reported here are based on the international
temperature scale ITS-90. The apparatus STAT4 is fully
automated. The overall uncertainty in the vapor pressure
measurement using the STAT4 apparatus is adequately described
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by the expression σ(p/Pa) ) 0.005(p/Pa) + 0.05. This expression
was derived based on the calibration measurements with
naphthalene.12 The uncertainty can be higher in cases when the
compounds of lower purity or stability are investigated.

Results and Discussion

The vapor pressure measurements of Ge[N(CH3)2]4 were
performed in the temperature interval (278 to 308) K by varying
the temperature at random to detect systematic errors caused
by possible decomposition or insufficient degassing of the
sample. When the pressure at selected temperatures, at which
the experiments were performed repeatedly, did not change with
the number of measuring cycles, the sample was considered
completely degassed, and the final set of data was recorded.
Two experimental points were obtained for each temperature.
Ge[N(CH3)2]4 undercooled readily which allowed us to deter-
mine the vapor pressure for the liquid phase well below the
reported melting temperature 287.15 K.13,14 The sample solidi-
fied when cooled below approximately 275 K. When the solid
sample was heated with a rate of 3 K ·min-1, it obviously melted
at 290 K (see Figure S1 in Supporting Information).

The experimental data on vapor pressure listed in Table 1
were fitted with the Clarke and Glew equation15

where p is the vapor pressure; p0 is a selected reference pressure;
θ is a selected reference temperature; R is the molar gas constant
(R ) 8.314472 J ·K-1 ·mol-1); ∆l

gGm
0 is the difference in molar

Gibbs energy between the gaseous and the liquid phase at the
selected reference pressure (the gaseous phase is supposed to
have characteristics of ideal gas at the pressure p0); and ∆l

gHm
0

is the vaporization enthalpy. Given the temperature range
studied, the use of the Clarke and Glew eq 1 with two
parameters is adequate. The advantage of this equation lies in
a physical significance of the fitted parameters. The parameters
of the Clarke and Glew eq 1 together with the standard deviation
of the fit, σ, are presented in Table 2.

To our knowledge, there is no previous work reporting vapor
pressure measurements on Ge[N(CH3)2]4. Only values reported
at single or two temperatures, often obtained in studies devoted
tosynthesisofGe[N(CH3)2]4,werefoundin the literature.13,14,16-19

These values are reported in the temperature range (355 to 362)
K that is well above the upper temperature limit of this study

(T ) 308 K). As extrapolating the vapor pressure equation far
beyond the temperature range for which its parameters are
applicable can lead to serious errors, in particular when only a
two constant equation such as as eq 1 is employed, the
comparison with the literature values cannot a priori be
conclusive. Still, the comparison displayed in Figure 1 using ln
p as a function of 1/T representation shows qualitative agreement
among our and the literature data. The relative deviations range
from (10 to 40) %. As the normal boiling temperature, Tnbp, is
one of the basic characteristics of a compound used as input in
many correlations and estimation methods, Tnbp ) 482 K was
calculated using eq 1. Given the length of extrapolation, this
value compares satisfactorily with that reported by Anderson,13

Tnbp ) 476 K, which is adopted by different physicochemical
databases used today and also chemical suppliers.

Conclusions

Vapor pressure data for liquid Ge[N(CH3)2]4 in the temper-
ature range typically used in MOVPE were obtained. To our
knowledge, this the first study on vapor pressure for this
compound.

Supporting Information Available:

Detection of the melting temperature of Ge[N(CH3)2]4 in the static
apparatus (Figure S1). This material is available free of charge via
the Internet at http://pubs.acs.org.
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0 ∆l
gHm
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Pangrác, J. Vapour pressure measurement of metal organic precursors
used for MOVPE. J. Chem. Thermodyn. 2006, 38, 312–322.
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Pangrác, J.; Becker, J.; Koch, J.; Salzmann, A. Vapor Pressure of Di-
tert-butylsilane. J. Chem. Eng. Data 2005, 50, 1613–1615.
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(12) Růžička, K.; Fulem, M.; Růžička, V. Recommended Vapor Pressure
of Solid Naphthalene. J. Chem. Eng. Data 2005, 50, 1956–1970.

(13) Anderson, H. H. Dialkylaminogermanes and Dialkylaminosilanes.
J. Am. Chem. Soc. 1952, 74, 1421–1423.

(14) Lee, J.; Choi, S.; Lee, C.; Kang, Y.; Kim, D. GeSbTe deposition for
the PRAM application. Appl. Surf. Sci. 2007, 253, 3969–3976.

(15) Clarke, E. C. W.; Glew, D. N. Evaluation of thermodynamic functions
from equilibrium constants. Trans. Faraday Soc. 1966, 62, 539–547.

(16) Mack, J.; Yoder, C. H. A Study of Bonding in Group 4 Amines. Inorg.
Chem. 1969, 8, 278–291.

(17) Pacl, Z.; Jakoubko, M.; Rericha, R.; Chvalovs, V. Organogermanium
compounds. X. Effect of structure on the basicity of ethyl(dimethy-
lamino)germanes. Collect. Czech. Chem. Commun. 1971, 36, 2181–
2188.

(18) Rejhon, J.; Hetflejs, J.; Jakoubko, M.; Chvalovs, V. Organogermanium
compounds. XIII. Preparation and relative basicity of (dialkylami-
no)chlorogermanes. Collect. Czech. Chem. Commun. 1972, 37, 3054–
3058.

(19) Bürger, H.; Sawodny, W. Vibrational spectra and force constants of
tetrakis(dimethylamides) of Group IV elements. Spectrochim. Acta,
Part A 1967, A 23, 2841–2847.

Received for review March 26, 2010. Accepted August 10, 2010. This
work is supported by the Czech science foundation project 203/08/0217,
the Ministry of Education of the Czech Republic under grant MSM 604
613 7307 and project ME10049, and the research program of Institute of
Physics AV0Z 10100521.

JE100295F

Journal of Chemical & Engineering Data, Vol. 55, No. 9, 2010 4097


