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Abstract

The equilibrium sublimation pressure Cr(acds)=Cr(acag(g) was measured in the range 320 (K) <476 by two procedures.
One of them is Knudsen’s effusion procedure with mass spectrometric analysis of the composition of the gas phase, which proved to
be good in measuring low pressure. The second is mass spectrometric procedure “calibrated volume method” (CVM), which helped
us to expand the possibilities of the effusion method toward high pressure range. Experimental data are in good agreement with each
other.

For this process were obtained In(Pa))=39.197- 15 308.5/T, enthalpy\g,sH° (T)=127.28:0.22kJI mot? and entropyAgy,,S
(T)=230.1£0.5Imot* K1,
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction One of the most perspectiediketonates is tris-acetyla-
cetonate Cr(acag) However, at present fundamental ther-
The processes of chemical vapor deposition (metal organicmodynamic characteristics which are necessary for the
chemical vapor deposition MO CVD and atomic layer depo- development of technological processes are tentative and
sition ALD) attract increasing attention of researchers during often contradictory, which is connected with the com-
the recent years. This attention depicts modern trends in de-plexity of investigations of the above-indicated compound
veloping the methods for the synthesis of new film materials [1-11]. If one compares thermodynamic parameters cal-
under as low temperature as possible. By present, the set otulated on the basis of these data, the necessity of a de-
criteria for the choice of precursors meeting the requirementstailed analysis of the entire set of published data for the
of MO CVD and ALD processes has been already formed. purpose of obtaining reliable information will become ev-
One of the most important parameters, according to which aident.
compound is chosen, is its ability to pass into the gas phase In view of the above considerations, the main goal of the
without decomposition at moderate temperature. At present, present work is
metal B-diketonates are one of the most widely used kinds
of precursors for MO CVD processes. In particular, a large - development of a method to measure saturated vapor pres-

number of processes is known in which maiadiketonates sure within a broad pressure range (2 Pa) recording the
are used to obtain metal, oxide, superconducting, ferroelec- qualitative and quantitative composition of the gas phase
tric and other film materials. with the help of mass spectrometry,

- investigation of Cr(acag)saturated vapor pressure,
* Corresponding author. Tel.: +7 3832 309259 fax: +7 3832 3094g9.  ~ analysis of the entire set of experimental data on Cr(gcac)
E-mail addresschu@che.nsk.su (T.P. Chusova). vapor pressure.
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2. Experimental sured values
_ . 2279.6nIT @)
2.1. Materials = quMl/Zf T2 4

The samples for investigation were synthesized using a  The main disadvantage of experiments carried out at one
known procedurg11,12] starting with CrC4-10H,O and fixed temperature is complexity of controlling the sensitiv-
the (Hacac) ligand neutralized with NaOH, in water-alcohol ity of mass spectrometric instrument during measurements,
medium. The product was purified by means of vacuum Which requires much time.
sublimation. The resulting substance was characterized by For experiments with mass spectrometric recording of the
means of chemical analysis, IR spectroscopy, derivatogra-amount of effusing substance, the possibility exists to carry
phy, mass spectrometry and X-ray phase analysis. The re-Out measurements at several fixed temperature points within
sults of examinations showed that the synthesized substanc@ne experiment[13)ith simultaneous measurements of the
was a one-phase compound of the stoichiometric composi-intensity of ion current and temperature. For this case, pres-

tion Cr(acacj. sure is calculated using E¢f)
_ 2279.62n1I;T; 5
2.2. Knudsen mass spectrometric effusion procedure P = SetML/2Y", fé 1.TY2ds (5)

In our work, we use mass spectral effusion method to WhereP; is vapor pressure under isothermal conditions at a
investigate temperature dependence of vapor pressure. Théemperatureli, m (g) is the amount of the substance evap-
published datd7,9,10] on the temperature dependence of orated during the whole experimerit;is the intensity of
Cr(acac) vapor pressure obtained using this method deviate ion current at the established temperatiireM is molec-
from each other. The majority of researchers using this pro- ular mass|; andT; are current values of the intensity of ion
cedure carry out the measurements at a constant temperaturgurrent and temperaturgs = Ksq.

and use Hertz—Knudsen equation for calculations: In comparison with an experiment at one fixed tempera-
ture, the use of this procedure provides a substantial decrease

P (Pa)= " 73 in the time consumed for investigating temperature depen-
(Ksqr)(2nRT/ M) dence of vapor pressure. In addition, in these experiments,

\¥2 temperature of the effusion chamber can be changed stepwise

= 2279.62() Kot (1) in any direction: rise, then decrease and vice versa, exposing

the substance under isothermal conditions during the neces-
wherem is the mass of matter (g) removed as a result of sary time interval. This allows monitoring the sensitivity of

effusion through the hole within time(s) at constant tem- ~ mass spectrometer during the experiment, because equality
peratureT, K is Klausing coefficient depending on the ratio 0f the recorded ion current measured for equal temperature

of the length of the effusion channel to its diamesay,is with such a scanning procedure is a criterion of the stability
the area of the effusion hol®) is molecular massRRis gas  Of the sensitivity of instrumentation.
constant. Since the substance is sampled from the vapor phase dur-

In the mass spectrometric experiment, the equation con-ing an experiment, in order to maintain the state close to the
necting vapor pressure in the effusion chamber with the mea-equilibrium one it is necessary that the rate of effusion be
sured intensity of the corresponding ion curreistgenerally ~ negligibly small in comparison with the rate of saturation of

written down as the volume with the vapor. In a general case, the equilib-
rium vapor pressure in the effusion chamber is described by
pP=CIT 2) equation:

(6)

where the constar€=k/o; k is the constant of the instru- _p 1+ Ksq
ment’s sensitivity to a given kind of ions js the cross section ¢4~ "®P\ " 44
of molecule ionization under the electron impact.

: : - . where Pgq is th ilibrium r vapor pr r
The constan€ is determined by substitutin@) into (1) ere Peq is the equilibrium saturated vapor pressure,

Pexp is the observed pressure calculated according to the
2279.621 Hertz—Knudsen equation from effusion experimeAts, the
= KsqMY/2 [ IT1/2dt ©) surface area of the material under investigation (which is un-
known in the majority of casesy},is evaporation coefficient,

The integral appears here because temperature and intensiti is Klausing factor. Provided that
are changed when the effusion chamber reaches the required ;
temperature regime and at the final stage of the experiment,(q) &1, Peqg= Pexp
when the substance is no longer present in the chamber. Sub-\ 4%
stituting the constar@@ (3) into Eq.(2) we obtain an equation It is possible to measure the evaporation coefficieex-
for calculating pressure on the basis of experimentally mea- perimentally; however, it is difficult to measure the surface
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Table 1
Coefficients in equation Iff/Pa) =B — A/T for Cr(acac} vapor pressure measured with different diametéy®f effusion hole, and correction factor

d (mm) Temperature range(K) A B Number of points Correction (1Ksqg/Aa)

0.2 320-388 15350490 39.30+£0.10 13 1.028
0.3 323-386 1528& 240 39.05+0.07 10 1.075
0.4 327-383 15338 90 39.14+ 0.07 10 1.145
0.45 327-380 15456 210 39.40+0.10 17 1.195

area of the substance to be evaporated. Adgalue can be 2500
determined by measuring vapor pressure at the same temper-
ature for different dimensions of the effusion hole. Using Eq.
(6) one can determine the Awalue on the basis of experi-
mental data according to equation

2000 4

1500

Ao = A(PeprSCI) — d(PeprSCI) @)

1000

Intensity/arb. units

In the present work, in order to determiaene applied 5004
the procedure involving measurements of vapor pressure at ]
several fixed temperature points in one experiment with the K
help of mass spectrometric instrumentatj@8,14], We in-
vestigated Cr(acag)apor pressure in the effusion chamber () 0 100 200 300 400 500 600
with the holes (&0.2, 0.3, 0.4, 0.45mm) and the length
of the channel 0.2 mm within temperature range 320-388 K. 390 -
A cylindrical effusion chamber with the inner cavity diam- ;
eter 8mm 5 mm high was made of molybdenum. In order 380
to measure the surface area of the evaporating substance, l
Cr(acac} was evaporated through a mask 6 mm in diameter 3707
onto silicon substrates. A substrate was placed on the bottom ]
of the effusion chamber. The temperature of the chamber was é ]
set with a precise sensitive isodromic thermoregulator PIT-3, 350
which allowed maintaining constant temperature with an ac- ]
curacy of 0.2. A reference calibrated Pt/PtRh thermocouple 340
was attached to the central part of the bottom of the effusion l
chamber. The amount of matter in the films was varied within 3301
(1.2-2)mg. S

The results typical for these experiments are shown in 0 100 200 300 400 500 600
Fig. 1for the effusion hole 0.2 mm and the amount of sub- ® Time/ min
stance on the film 2 mg.

The data shown ifrig. 1 indicate that the sensitivity of
instrumentation did not change during the experiment. Sim-
ilar results were obtained in experiments with other effusion
chambers.

Eq.(5)was used to calculate pressure. The results of mea-size of effusion hole, is listed in the last column of the Table
surements are listed ifable 1. Using the obtained data and taking into account the value.

Eq. (7), we calculated the mean of evaporation coefficient  Takinginto accountcorrectidfsg/Acin Eq.(6), saturated
o < 0.02 forA> 28.3mn¥. A correcting factor by which the  vapor pressure values for Cr(acaa} a temperature of 330
measured pressure should be multiplied, depending on theand 380 K are shown ifiable 2.

Fig. 1. The profile of intensity of the ion current of Cr(acad) and tem-
perature (b) with stepwise temperature scanning.

Table 2
PressureP (Pa) of saturated Cr(acacyapor measured in effusion chamber with different hole diameters(n), taking into account correction factor
(1 +Ksg/Aa)

T (K) P=1(d) Average value®
d=0.2 d=0.3 d=0.4 d=0.45
330 7.55x 104 7.56x 104 7.46x 1074 7.26x 1074 7.45% 1074

380 0.343 0.34 0.344 0.341 0.342
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Saturated vapor pressure measured using effusion proce- The substance under investigation is placed into one of
dure is limited from above by 0.1-1 Pa. In many cases it is evaporators 11, it is evacuated to the working pressure in the
necessary to known the composition of the gas phase at highemass spectrometer under the required temperature of evapo-
vapor pressure of the substances used in the processes durator, thermostat and tubing connecting the evaporator with
ing their purification by means of vacuum sublimation and the effusion chamber. Then, with the closed valve 13, which
during MOCVD procedure. cuts the batcher off the tubing, temperature of evaporator

and thermostat is set. After the system reaches its temper-

] ature regime, the equilibrium vapor pressure is established

2.3. The calibrated volume method (CVM) for in the evaporator and in batcher. After that, the evaporator
measuring saturated vapor pressure is cut off the batcher by valve 12; the sampled vapor por-
- tion is fed from the batcher to mass spectrometer. A criterion

In order to broaden the possibilities of mass spectrometry o established equilibrium is constancy of the integral inten-
for measuring saturated vapor pressure in the region of sev-gjty of the corresponding ion current for different exposure
eral thousand Pa, we propose mass spectral method of meayf the evaporator-batcher system. Such a procedure is car-
suring partial pressure of saturated vapor: “calibrated volume rjaq oyt for each predetermined temperature of the substance.
method” (CVM). . . ~ Temperature of thermostat can be equal to the temperature

The essence of the proposed method is sampling a portiongt evaporator or higher than it, which is dictated by experi-
of vapor which is in equilibrium with condensed substance ment. Temperature of effusion chamber forming the molec-
into a batch of calibrated volume, followed by measuring 5y beam into the ion source of mass spectrometer is kept
the amount of vapor in this portion with the help of mass ¢onstant during the whole experiment and is chosen so that
spectrometer. Actually, the proposed method of measuringihe saturated vapor pressure of the substance under investiga-
saturated vapor pressure is a version of the static method. Ajjon does not exceed 0.67 Pa, while the constant temperature
set-up which is shown schematicallyfig. 2was developed  for the tubing through which the vapor is admitted into the
to implement this method. effusion chamber is set at a higher level. With such an ar-
rangement of the experiment, the measured pressure value
is almost unlimited from above, because, provided that va-
por pressure in the evaporator is higher than 0.67 Pa, partial
condensation of the vapor in the effusion chamber occurs;
quasi-equilibrium pressure corresponding to the temperature
of the effusion chamber is established. In order to monitor
the sensitivity of mass spectrometer during experiment, the
same compound or standard is placed in another evaporator.
Temperature of this evaporator is kept constant during the
whole experiment, that is, vapor pressure in it is constant.

In our experiments on investigation of Cr(acagppor
pressure, we used this compound also to monitor the sensi-
tivity.

The isotherms of time dependence of the ion currentinten-
sity for the molecular peak of Cr(aca@re shown irFig. 3.

The B, C, D curves describe the case when the pressure of
the substance in the evaporator is below 1.33 Pa, the F, G, H
curves describe the behavior of the ion current intensity at
higher pressure.

Keeping in mind that the integral intensity of ion current
is proportional to the number of molecules passing through
the ionization zone of the ion source of mass spectrometer
during timet, we may write down the following equation

N,'ZC/I,‘dl‘-i—Nd (8)

Fig. 2. Ascheme of the set-up in which vapor pressure is measured by meanswherel relates to temperature of the substagiga constant,
of CVM. (1) Vacuum valve; (2) thermostats; (3) batcher; (4) flange to the N is a constant number of molecules remaining inthe volume
|on'source of mass spectrometer; (5) gas plpellng heater; (6) cooled scr_een'of the inlet system, including batcher, the concentration of
(7) ion source; (8) damper; (9) heater of the effusion chamber; (10) effusion which is bevond the limits of sensitivity of the instrument
chamber; (11) evaporator; (12) valve connecting evaporator with the batcher; . ) Yy y :
(13) valve connecting batcher with the system of substance input into mass It IS evident that the number of molecules that passed

spectrometer. through mass spectrometer iirportions during the whole
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150-] the experimental data obtained by means of the CVM
140 iﬁ e % 0 . B
:;3 \ "“.‘ e C P 6.23x 10%m(T;T,)Y*(Ng + [ I; d) (10)
2 110 \ —v.—ll-::) MV Y (Ng+ [ I;dp)
£ 100 \ L
S 07|, l".‘l «—G whereT; andT, are temperature of evaporator and batcher,
; :::i \ respectivelyZ, > T;.
G g ] "x‘ The volume of batcher was €0.002) cnf in our experi-
§ 50 $ "«,‘ ments, the volume of the inlet syst&rfgwith the batcher was
40 \ ¥ \ 10 cn?, the sensitivity of instrument was 0:310~“ Pa. Cal-
;3 ] f"\_\ .\v \ < culation indicates that for this instrument at the vapor pressure
wd [} '\.:‘.,\_F:\, \‘ of 0.133 Pa the contribution frofg is 0.1% of this value,
R L e T == S S T that is, much smaller than the experimental error. Because
o w20 30 40 of this, pressure measured by means of the CVM is limited
Time/min from below in our case by the value®.133 Pa. Inthe general

. . . . . . case, the contribution frorNy into the final result changes
Fig. 3. Time dependencies of the ion current intensity for the molecular peak

of Cr(acacj for the portions of the equilibrium vapor sampled under equal with changlng vapor pressure mversely proportmnally to the

temperature of evaporator and batcher: (B) 393K, (C) 425K, (D) 435K, measureq value. . .
(E) 440K, (F) 458K, (G) 468 K. Temperature of the effusion chamber is Experimental data obtained by the CVM are shown in

constant and equal to 388 K. Table 3. In one case, temperature of batcher was equal to that
of the evaporatorf, = T;, while in another case the batcher
temperature wag, = const= 500K. The last column of
Table 3shows the results of the effusion experiment for the

time of experiment is equal to the sumIgf (8); N; can be chamber with the hole 0.2 mm in diameter.

easily determined on the basis of the experimental data if the
mass of the evaporated substaki¢es known.

3. Results and discussion

_ mNp(Ng + fI,' dr) )
MY (Na+ J 1 di) Analysis of temperature dependence of the mass spectra
indicated that relative intensities of the fragments in the mass
HereNa is Avogadro number. spectrum of Cr(acagyemains unchanged within the whole
Having divided this equation by (cm?) — the volume of temperature range investigated. This circumstance proves the

the batcher, we obtain the concentration of saturated vapor aPresence of mainly monomer Cr(acanjolecules in the gas
the substance temperature point nunibesing equation for phase. Therefore, vaporization process can be represented as

pressurd=nkTand keeping in mind that temperature of the OllOWS:
batcher can be higher than the temperature of the substance
we obtain an equation to calculate pressure on the basis ofcr(acacy s = Cr(acacy gas

Table 3

Sublimation pressure for chromium acetylacetonate

“CVM” procedure Effusion procedure

Series no. 17, = 500°C = const Seriesno. Z, = T; Series no. 3

T(K) P (Pa) T (K) P (Pa) T (K) P (Pa)
384.15 0.556 387.15 0.653 320.15 1.6799E—4
391.15 1.109 404.15 3.733 327.15 5.0662E—-4
402.15 3.066 409.15 5.866 333.15 0.00127
404.15 3.586 421.15 18.26 341.15 0.00333
409.15 5.693 432.15 41.99 348.15 0.00840
421.15 17.60 442.15 97.72 355.15 0.02053
432.15 42.13 452.15 212.0 362.15 0.04600
442.15 98.79 458.15 330.6 369.15 0.10972
452.15 220.0 463.15 466.6 376.15 0.22531
458.15 334.0 382.15 0.43996
463.15 480.0 388.15 0.7626
468.15 639.0

476.15 1109.0




96 P.P. Semyannikov et al. / Thermochimica Acta 432 (2005) 91-98

In this case, saturated vapor pressure is expressed by equa

20+
tion: ]

m - series |
® - series 2

15 4 i
A . series 3

AH®(To) N AS°(To)

ACy,, T 11 10
T + (MG, T)| (11

P=Fkexp|—
P R 1 A

Here P is measured pressure at temperatdre k is
standard pressure expressed in the accepted system og ]
units (1atm, 760 Torr, 101.325kPajH°(Tg), AS(To) 51 >
are enthalpy and entropy of sublimation, respectively, 1 a -
at a definite fixed temperatur&, ¢(ACp, T) (where ’
ACp=Cp(gas)— Cp(condensed phagejS some function of tem-
perature, determined by changes in heat capacity during va-
porization,T is temperature in K.

Experimental data shown ifable 3(33 points) were pro-
cessed using the criterion function

— Zz{V(Pi(EXp) - Pi(calc))2
Wi

s
-
&" " A
&

T ¥ T ¥ T . T x T ¥
400 420 440 460 480

7K

R . PR,
320 340 360 380

Fig. 4. Deviations (in %) of the experimental data from pressure values
calculated according to EL3).

W (12)

The data on sublimation pressure of Cr(aga@btained

2 dP\?*
Wi= AP+ (o) AT,

whereN is number of points in the experimerRiexp) is
experimental pressur®jcaic) is pressure calculated using
Eqg.(11).

The criterion functior{12)is a sum of squares of standard-
ized digressions; their dispersions at correctly chos&h

1

in the present investigation and also the values available from
literature are shown ifig. 5.

One can see that our results are in good agreement with
the datd7] obtained by means of Knudsen'’s effusion method
with mass spectral analysis of the composition of the gas
phase within temperature range 350-375 K. Pressure is low
within this temperature range, and Knudsen’s method gives
reliable results.

andAT; are almost independent of temperature and accuracy
of measurements, while averages of distribution are equal to
zero. Point estimates obtained using the criterion function
(12) meet the principle of maximal likelihood. The use of
the criterion function(12) for processing the data provides
obtaining more reliable estimations of enthalpy and entropy
of vaporization which are to be determined.

Search for a minimum of was carried out with the
help of the program based on the algorithm of the modified
Newton—Gauss procedure.

Errors of the sought quantities were calculated taking into
account Student coefficients for the 95% confidence interval.

The data were processed according to the second law,
that is, the sought values werg; ;pH® (T) and AgypS® (T),
¢(ACp, T) was accepted to be zero because of the ab-
sence of reliable data on thermal capacity for solid and
gaseous chromium(lll) acetylacetonate. The result of calcula-
tions was:AgypH® (T) =127.28+ 0.22 kJ mot! and entropy
AsupS (T)=230.1+0.5I mot K1,

In P (Pa)= 39.197— 15308.57 320< T (K) < 476 (13) ®

Within the medium temperature region (about 360 K)
rather good agreement is observed (within 5-20%) with
the data of the workg1,2], but for increased tempera-
ture 400-421K the deviation increases sharply (the val-
ues obtained if1,2] are 60-120% lower than our results).
The authors of[1] used spectrophotometry. The reliabil-
ity of the applied procedure is insufficiently substantiated.
For instance, the method was verified using benzoic acid

L]
® n

[t IS BV B SN S R

=

L4 ®
[ ]
* B & ¥ A X 4

In (P/Pa)
»

Deviations (in per cent) of the experimental data from pres- -10-
sure values calculated according to Ef3) are shown in
Fig. 4

One can see from the figure that scattering of points within
the entire temperature range is random from one series to an-
other. This fact points to the absence of any essential system-
atic errors in the experiments performed both with the help Fig. 5. Temperature dependence of Cr(agaapor pressure. Series 1-9 are

of the effusion method and by the CVM. literature data, series 10 are the results of the present investigation.

-15 T T 7 T T T T T T T T T 1
0,0020 00022 0,0024 0,0026 00028 0.0030 0,0032

IK/T




P.P. Semyannikov et al. / Thermochimica Acta 432 (2005) 91-98 97

within temperature range 338-370K, while measurements4. Conclusion

for Cr(acac} s were carried out within the range 383-403 K.

The melting point of the sample investigated by these authors

is somewhat overvalued 489 K.
The authors of2] apply the flow procedure and deter-
mine the amount of the substance carried off; ultraviolet

spectroscopy was involved. Quantitative data concerning the®
purity of the sample are not reported, but, according to the au-

thors’ statement, the upper temperature limit of investigation
421.7K is due to the start of decomposition of the sample
(for comparison, let us remind that in our work the upper
limit of measurements was 476 K; no indices of decompo-

With regard to

the reasons of possible systematic errors in the cited works
were revealed inthe analysis of the available literature data;
experimental data obtained in the present investigation
with the help of two procedures (one of them is Knud-
sen’s effusion procedure with mass spectrometric analysis
of the composition of the gas phase, which proved to be
good in measuring low pressure; the second is CVM, which
helped us to expand the possibilities of the effusion method

sition were observed). It should also be noted that there are toward high pressure range) are in good agreement with
no proofs of the achievement of equilibrium in the experi- ~ €ach other;
ments, which are obligatory when the dynamic methods are® the measurements were carried outwithin a broad tempera-
used. ture range 32&: T (K) < 476, which allowed simultaneous
Within the medium temperature range, there are three determination of enthalpy and entropy of the process with
more works reporting the values much larger than those ob- high accuracy,
tained by ug4,5,9]. Isoteniscope procedure is used in the
works[4,5]; incorrectness of its application has already been
discussed9]. It is difficult to explain the reasons of devi-
ations with the results of the woil@]. We may only note
that the results of the same authors on Cr(acaaplima-
tion reported in their next publicatioff] are in very good
agreement with our data. The data obtained by the authors o
[10] are in satisfactory agreement with our data in the abso-
lute value of pressure within the medium temperature range;
however, thermodynamic parameters reported by these au- 4 range of the measured saturated vapor pressure val-
Fhors .arellower than those obtained by us. .Sln.ce the cited ues with simultaneous identification of the composition of
investigation dealt with vapor pressure studying it by means the gas phase;

of efflésu;]n l:jsm_g §mal| Welgheld_po(rjtlgns %fthe crys'_[al ﬁom- - absence of errors connected with the necessity to take into
pound, the deviations are explained by a decrease in the sur- _ ..o\t the parameters of the effusion chamber:

face of the substance during its evaporation, which inevitably _ possibility to investigate small weighed portions of not eas-
causes a decrease in the pressure value calculated according ily available compounds

to Eq.(5).

Within the high temperature range, there are three papers |t should be noted that the procedure involving dosated
[3,6,8] published by one research team. The research procesampling of the gas phase (CVM procedure) can be used to
dure is chromatographic, based on the connection betweennyestigate saturated vapor pressure without using the effu-
retention time measured in chromatographic analysis and thesjon chamber. In this case, pressure can be measured within
pressure of vapor of the substance under chromatographica proad range for thermally stable compounds, if the size of
examination. The results obtained in the newest wW6ik  patcher and condensing device are chosen properly. In addi-
are most close to the values obtained by us. The values ob+jon, if temperature dependence of saturated vapor pressure
tained by the authors within the whole temperature range js known, the proposed method of vapor sampling allows

investigated 428-483K are larger than our results by 40%. admitting precisely dosed substance into the reactor during

The absence of any information about identification of the guided synthesis of film structures.

substance under investigation, poor validity of the reliability

of the procedure used in the investigation, discordance be-

tween the reported data (pressure of Cr(agaaplimation

at a temperature of 483 K, calculated using the equation for

sublimation), is equal to 3253 Pa, while the value reported in (1] T.p. Melia, R. Merrifield, J. Inorg. Nucl. Chem. 32 (1970) 1489.

the same paper, calculated using the evaporation equation at[2] H.-J. Gotze, K. Bloss, H. Molketin, Z. Phys. Chem. (Frankfurt am

the same temperature 483K, is 1106 Pa can be the reasons of Main) 73 (1970) 314. .

deviations from out data. Cr(acasjapor was measured also [3] Zh.N. Bublik, E.A. Mazurenko, S.V. Volkov, Ukr. Khim. Zhurn. 44

using the static method using a membrane zero manometer[4] 5'137330231‘:\)'_,\/'_ Jones, Inorg. Chem. 3 (1964) 1553.

([jll]. The results of this work are in good agreement with our (5] r. Fontaine, C. Pommier, G. Guiochon, Bull. Soc. Chim. Fr. 8 (1972)
ata. 3011.

we recommend to use the results of the present investigation
as reference values in modeling the processes participated by
chromium(lll) acetylacetonate.

Some advantages of the proposed mass spectrometric pro-
cedure CVM for the investigation of partial pressure of sat-
rated vapor of complicated compounds in comparison with
the generally accepted Knudsen effusion method should be
mentioned:
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