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In thils work, the method of ion-molecular equilibria has been used to
investigate negative ions in saturated sodium chromate vapor. The
mass spectrum of the negative ions has been recorded. The NaCrO~—~NasSO,

system has been investigated. The enthalpy of formation of the'NaCrOZ
ion AfHS(NaCrO,) =968 kJ/mole and the energy of heterolytic dissociation

Dy (Na+—~NaCrO,~J=625 kJ/mole have been determined. The values obtained
agree well with literature flgures.

Since 1978, investigations of negative ions in vapors of salts of inorganic
mpounds at high temperatures have been carried on. Various negative ions have
:22n recorded (for example,

Aﬂt;ALF;JOUJﬁnOH‘iKOH—JX§1P0;
»d others), thelr enthalpies of formation have been determined, and their elec-

"on affinities have been calculated [1-4].

Zarticular interest 1s being aroused by negative ions of the type of KSOI
E XCro, [6], and Naso; (7]. The determination of their enthalpies of for-
fﬁion permitted the calculation of the energlies of heterolytic dissociation
ﬁd) fcr the corresponding salts of dibasic acids to the first degree

MXOy=M*+MXO,~.

o

7

v

lue of Uhd found can be called the experimental value, since it is deter-

'ﬂéd dnambiguously from the results of investigations. At the same time, to
-:r*ilte gas-phase molecules of the type of M2X0u various ionic potential func-

.fhuhave been proposed hitherto [8,9], on the basis of which it is possible to
77 out a theoretical calculation of the energy of heterolytic dissociation.
--itarison of the theoretical and experimental values of Uhd enables the va-

1137 of the use of these lonic potential functions to be established [10].

- “Ze aim of the present work was to investigate negative ions 1in saturated
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sodium chromate vapor, to determine the enthalpy of formation of the NaCrOI ion,éff

and to calculate the energy of heterolytic dissoclation of sodium chromate to ;
the first stage. 3
The sodium chromate was synthesized from sodium dichromate. The quality of J&
the material obtained was checked by X-ray phase analysis. This work was per- !
formed on a MKh-1303 mass spectrometer adapted for the study of ion-molecule :
equilibria (a combination of a Knudsen diffusion chamber with the mass-spectral ;ﬁ
recording of the charged components of the vapor), [1,5]. A platinum crucible +iR
with a ratio of the evaporation area to the diffusion area of 2150 was used. In.4}
the course of the experiment, only the negative ions were measured and the neu- il
tral components of the vapor were not recorded. B

The evaporation of the pure sodium chromate was performed in the temperat :Q f
jnterval of 1170-1280 K. The mass spectra of the negative ions Cr0,-(1000), CrO« (1988
NaCrO¢(6,5), CrsO¢-(1,6), NaCr:0r(1,9), NasCrsOs~ (20) were recorded; the lon currents 1n~\'

relative units at 1255 K are given 1in parentheses. The equllibrium constants ofi}
the following reactions were calculated from the measured ion currents: ;;T

[Na,CrO,] + NaCrOp = Na,Cr,0;, (1) |
[N2,CrO,] + 2CrO5 + CrO; = 2NaCrO- +Cr 05, (2) i
[Na_,c:Q.]+Cro;-+co.—-N3Cr,o,-'+Nac:o‘—. (3)

Square brackets indicate that the substance is present in the condensed state. -
For the pure chromate, the actlvity was considered to be equal to unity. The "
ratio of the partial pressures of the ions were calculated from the measured ion
currents [1]: 3

PA) HAYM(A)UB™)
P(B)  NEM(B)A)

where I is the measured ion current, at the electron multiplier, M is the molec?%!
lar weight, and i 1s the amount of the 1lsotope measured. -

) The temperature dependences of the equilibrlum constants (1)=-(3) were ap- &
proximated by straight lines in the coordinates ln K versus 1/T: ;

In K(1) = —443/T—0,072, -_
In K(2) =7260/T—14,3, .
1n K (3) =3420/T—6,41.

The error of the approximating equations obtained as a function of the temperaff
ture can be evaluated from the formula . i

s(InK) =0,31 [ - +6,5-10° (%——15;-7-)’]"? )

To determine the enthalpy of formation of the NaCrOH ion the Nazcrou—NaZSE
system was investigated (two compositions: 50 and 80 mol.% of Nazsou). The fo;;

lowing negative ilons were recorded: SO0, (0,04), SOy~ (0,19), NaSOs (0.25), NayS:0s” (0,012)'
CrOs- (1000), CrOs (1,6), NaCrO. (4.53), CriO¢ (1,08), NaCrsO- (1,15, NasCr:O¢ (0.79), NayCrSOs~ (0,18
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Table 1

Equilibrium Constants of Reactions (4)-(6)

Exverl | ro | ek | sf [ af [l wx@ | 4 | oa ffuKk@e | oy | o
1 j13a| 2,32 [o.30] 2 s.65 10.10] 2 }] —8,03 ]o0.05{ 2
13871 2,43 |o0.10] 3 56l | — | t )l =781 — | 1

80| 2.70 lo0.37] 2 9 | —| 1t =8| -] 1

1344 2,98 |0,44| 2 s4 | — |1 82} ~ |1

1387 3.08 }o,18]| 2 521 | — | 1 }} —7.81 | — 1

e 100! 3,00 |0.27] 6 ® 006] 3 || —7.44 |0.05] 3
1335) 2,58 |o0,20] 6 s21 |o08] 3 }| —7.57 |003] 3

1385| 2,54 |04 7 s.07 [020] & || —7.11 10,19] 4

) 50 mol.% of sodlum suitate; ©) 80 moi.% of sodlum suifate; €} 3; Is the standasra deviation of the
relative measuremaent; “) is the of measur ts of the equilibrium constant at the given tem-
perature. .

Table 2

Activities of the Compodents
in the NaZSOQ-NazcrOu System

¢ (N&CrOg | « (NagSO9
Na. " {co lon{ T. :
° nosniration x n'l 2@ . » a | o a
I S0mow | 1344 |063] 2 |o53] 2 [052] 2 .[o.2¢| 2
1387 |os¢e|] 2 {o57f 1 |os0] 1 |o0.24| 3
1490 {o074{ 2 {o90] 1t |o.e5] 1 |o0.42] 2
1344 |064] 2 {080] L |0.m] 1 |oer] 2
1387 |oes| 2 |o9e| 1 Jo76| 1 |o.52| 2
n 80 mov% 1300 |o03] 8 (o0.09| 3 o10f 3 |o94| s
1335 |0.15] 6 |0.12] 3 |o0,14| 3 |0.96]| &
1385 |o12] 7 {o045] 4. ]0,13| 4 |o0.82] 7
e s of the 1 from the equilibrium constants of which the activities were caiculated

are given In parentheses; D) n Is the of ts.

7§‘ion currents and relative units recorded for the composition with 50 mol.?%
* Na,80, are given in parentheses.
Trom the measured ion currents we calculated the equilibrium constants of

“:ttion (Table 1)

[Na,CrO,] + NaSO; =[Na,SO,] + NaCrOy, (W)
NaCrO + 505" =NaSO; + GOg, (5)
SO7 + CrO; = CrO; + SO;-. ' (6)

et

Let us dwell in more detall on reaction (4). To calculate the equilibrium
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Table 3

Enthalpies of Reactlons (4)=(6) (kJ/mole)

Experiment No. ) AHD (0 ad s aHd. (&)
12 -37,845,5 -72,6=3,3 91,243,3

u‘4 ’ _31"#-7 —58-23:1.3 . &-&3.2
Recommended® © larxls | . —TOxI8 88414

#) The standard deviation of an Individual messurement Is given D) the total error including the er- A
mﬂmtmﬂml‘fWO"MWh'm ~;_a

constant:

P(NaCrO;) a(N2ySO.)

Kt =FFesoy) * atNaGi0))

The activities of the components in the Nazsou—Na2CrOu system are required.
activity of sodium chromate was determined via the ion-molecule reaption (1)

the equation o
P(NaCri05) 1 s
a(Na,CrOy) =- . . o)
(Na GO0 = ey . XD 2
The activity of sodium chromate was determined similarly from reactions (2) and -
(3). The values obtained agreed well with one another (Table 2). &1
The activity of sodium sulfate was calculated from the ratio of the lon cur-ff 2
rents of Na.S.,0p and Na30 ' a8y _.
372 8 b 3 —a
~ P(NsSOF) 1 ' L. 3 RO
o NaS0) =2 esory K0 1
where K(7) is the equilibrium canstant of the lon-molecule reaction
[Na;SO,] + NaSO~=Na3S:04™ (7) )
To determine the numerical values of K(7), pure sodium sulfate was evapo- ;% ‘ -7
rated. The following negative ions were recorded: SOs (3.8), SO~ (100), SO« (167), .
NaSO. (33), Na;S;05~ (7.1). The mass spectrum at 1387 K is given. 1In the temperat';a:? i”;
interval of 1255-1473 K the values obtained are approximated by the straight -« A 55
line: 2 -
:, °
In K(7) = 1285/T—1,67. |
The error of thls equation as a function of the temperature was avaluated from'g;
the formula: . =1l :
s{InK €] =0,23 [T}F +8,9-10° (—‘-'—J—)’]"’ ) 3 .

T 1373
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Table 4

Supplementary Thermodynamic Information

. 0
Compound | arH3. kymote- | Reterence Sl S = etar-
J/mole* i
Na,SO,, s |—1376,4:0,4 1] +246,8 275.7 +1,5 {1y
NaCrO,, s |—1335,243,3 (12 271,9 301,4 +2,5 | 13§
Naso[” —972:+12 in 367.8 383,68 +7.3 (1
so; | —00,1£35 | wmn | 2773 254 -| x30 |
Lo rg —601,1%7,4 (51 299,4 309,3 3,7 151
Croy” —674+27 61 311,5 . 322,1 +4,0 | [11]
C0;” —785+:30 16l 333,6 46,5 +5.8 (61
NaCrOy” —968+18 ourwork | 3874 404, 1 +8,1 | (13

The enthalpies of reactions (4)-(6) were calculated from the third law of
-nermodynamics (Table 3). The necessary thermodynamic functions of the partial
-sgctions were taken from the literature (Table 4). The enthalples of the re-
;etions determined from the results of two experiments with different composi-
-1ons of the system agreed satisfactorily with one another. The mean values of
-1e enthalpies of the reactlons are taken as the recommended figures.

From the enthalpy of reaction (4) we calculated AfHL (NaCrOy) = —9%68+18 kJ/mole
ind the energy of the heterolytic dissociation of sodium chromate to the first
ssage D(Na*—NaCrO,7) =625 kJ/niole,‘(AfHo°(NazCr04. r)=—090 kJ/mole [14], AfHq"(Na*)=6036 kJ/
mcle. This value can be compared with val-ues obtained previously D(Kf-KCrO.)=578,
D(Na+=NaSO,~) =658, D(K+—KSO,)=599 kJ/mole [7]. All the figures correlate well with

:ne another. -

In conclusion, we may note that good agreement of these thermodynamic mag-
~‘tudes obtalned in this work and those given in the literature. The value of
sne enthalpy of formation of NaCrOu obtained in the work and the enthalpies of

“>rmation of Naso;, CrOE’, and sog given In Table 4 permit the calculation AH(5) =
~-734+25 kJ/mole. The calculated value is In good agreement with the value found
“sperimentally of AH®(5)=—T70+18 kJ/mole. The enthalpy of the reaction AH"(6)=

_'f'i:tM kJ/mole also agrees well with the literature flgure of AHP(6)=S1+11 kJ/mole
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