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ABSTRACT

The vapour pressurcs and the enthalpics of sublimation for the complexes
M(COYPX, (M = Cr, Mo, W;: X = F, CL Br) were determined by the Knudsen
cffusion mecthod. The monosubstituted complexes have comparable enthalpies of
sublimation as have been found for the hexacarbonyls.

INTRODUCTION

In the course of a study of the photochemical behaviour of M(CO)PX, (M =
Cr. Mo, W: X = F, Cl. Br) in Ar matrices at 10 K. it appeared 1o be necessary to
know the vapour pressures of these carbonyl complexes with high accuracy?. Recently
thermochemical investigations have been carmied out in our laboratory on (acac)M-
(substituted ol¢fin), and (acac)M(CO),; M = Rh(I). Ir(I)*. The vapour pressures
and cnthalpies of sublimation of these complexcs were determined by the Knudsen
cffusion method, which technique has been shown to be suitable for complexes with
low vapour pressures® ~ *_ Therefore. in this paper we report the vapour pressures and
the enthalpies of sublimation for the M(CO),PX, complexes, determined by the
Knudsen effusion method.

EXFERIMEXTAL

The M(CO):PX, complexcs were synthesised, using standard literature methods
with slight modificalions, as has been described in a previous paper’ .
The thermochemical measurements were made using a Mettler Thermoanalyser
type 1. with a Knudsen cell placed on the balance. The installation and construction
of the Knudsen cell has been published clsewhere?- 2. The diameters of the orifice
were 0.1 and I mm and the sample weights varied between 100 and 200 me.

The vacuum was better than 3 2 107* Pa and the temperature was kept
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constant to = 0.1 K. The accuracy in Amids wasabout | ¢ 107 kgsec™'. With the
aid of the Knudsen equation (I)

dm 1 2=RT

=Z g ¥V A (N

where, p = vapour pressure, Amfdf = rate of weighl loss, g = calibrated orilice drea,
R = gas constant, T = lemperalure, Af = molecular weight. the equilibnum vapour
pressurcs were caleulated. A plot of the temperature against In pressure resulied in a
corve according to eqn. (2)

The cnthalpy of sublimation was calculated from this equation. The standard deviation

for the 4 values was determined by a kcast squarcs analysis. Benzoic acid, supplicd
by Mettler, was used as a standard.

RESULTS AND DISCLSSION

The orifice calibration of the Knudsen ccll with an onifice diameter of | mm has
becn pablished by Jesse et al.*. For the Knudsen ccll with a diameter of 0.1 mm. the
calibration of the orifice area by measuring benzoic acid i< given in Table 1. Only data
(A. B) reported by Wiedemann® werc used. Most of the M(CO);PX, complexes

TABLE 1
ORIFICE CALIBSIATION OF THE KXUDBENX CELL

Ben-oic acid ~ Temp. Woipht Lrcs Prossunc™ Orifice arca

=

M= ™= (K] fh=sec™Vj £ IOF33) (Pua) (x IDV) (7)== 10=)
2941 21 10 23
49 23 Ll 7.3
2973 kL 16 1.7
287 37 18 74
301.5 3 .5 1.6
3052 : ” is 69
3067 24 43 1.6
3030 12 52 78
3059 s 53 73
35 163 34 74
3129 173 5.7 73
3153 217 1.3 A
3163 263 125 16
3165 260 128 75
3163 256 128 74
306 7 123 7.6
3233 =3 311 70

Oxifice diameticr 0.1 mm
Mean salge Lpr g2 (74 5 ©3) = 1075 m-.
= Molccolar meight in g
*» Cabilared with data from Wicdemann®.
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Fre- 1. Vapoor pressurces of the complexes Cr{COPCla; Mo{CO):PClz; W(C0):PCl,.

have low thermodynamic stability. It is therefore necessary to investigate the existence
of the complexes in the gas phase. From all M(CO);PX; molecules. photocleciron
specira were recorded with a volatile samplc inlct system ' ' . Recently, the IR felectronic
matrix isolation spectra’ were studicd at 10 K. From these measurements and the
photoclectron speetra it is deduced that these complexes exist in the gas phase and that
decomposition does not occur. Vapour pressure measurements of Mo(CO),PBr,.
however, were not carried out, because partial deccomposition could nol be avoided.

The vapour pressure curves are shown in Figs. 1-3. The measured vapour
pressures and cnthalpies of sublimation of the complexes are compiled in Tablc 2.

The M(CO)sPX, complexcs have similar enthalpics of sublimation, as have
been found for M(CO),, (Tablc 3, rcf. 12a, b). The trends in the monosubstituted
complexes and in the hexacarbonyls proved to be so irregular that, up till now, no
explanation could be given for the bchaviour of the enthalpies of sublimation.
Thercfore, further thermochemical measurements are needed.
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Fic 2 Vapour prossures of the compicacs CrCOEPFa: CriCOEPCh: Cr(COLPBra A highar rate
of woghi loss during the first hours of measurcments was observed for the M{CO),LPF3 complescs,

prolbably duc to 3 solvent impurity.
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Fig. 3- Vapour pressures of the complexes WICO):PFa; WCO0):PCla; W(CO):PBra A higher rate
of weight los< during the Arst hours of the mcasuroments was obscrved for the M{CO):PFa complexes,
probably duc 10 a sofvent impority-
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TABLE 2
VAPOUR PRESSURES AND ENTHALFIES OF SUBLIMATION OF M(CO)PX3

Sample Temp. Woghs Presswre Inp= — -; + 8 dJdH,
(K} foss {Fa) (kJ mole-1)
(kg sccV) (> 107Y)
{ = o'}
Cr(CORPF 2518 25 o7 A=10300 = 300 AH. =855 229
23519 P |} 06 B = 382
M = 730026 2550 &7 14
2630 1 42
%47 173 52
9.7 359 109
nsa 753 2 N |
Cr(COBPChL* 2608 66 1.5 A = 9500 = 200 SH: =189 = 18
619 I 20 8=30
M = 329385 2639 9 27
2663 36 338
2705 212 59
259 395 112
L L 846 241
2365 1701 490
Cr(CO)XPBr: 2630 9 02 A = 9600 <+ X0 AH: =799 = 19
2751 e | ) 035 B =320
Af = 462753 2781 - » o7
23811 56 14
2330 o9 1.7
2833 ] | 12
&1 0 2
2867 31 20
507 133 13
949 205 b |
298.1 k74| 8.0
302.7 495 24
3070 e 196
Mo{COLPCH* 2605 32 03 A = 9550 = 130 AN =793 = 1.1
2622 43 11 B = 312
M = 313325 2617 67 1.7
2613 87 23
X092 135 30
722 159 42
Irxs 165 34
X751 21 39
2731 335 89
2806 441 i19
2813 09 136
2571 o715 264
W{COLPF™ 257.1 15 o4 A=93M0 =180 JDHe=TI4+15
2634 36 09 B =329
M = 311,375 261.7 65 1.6
: 270.7 2% 23
2751 152 s
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TABLE 2 {confinucd)
R A
Sampic Temp. Weight Pressure Inp = — ¥ 2 B AH
{K) laxx {Pa) (kJ mole=*)
(kg sec™?) (2 ID°%)
{ = 10-"7)
WCORPCL> 260.1 47 02 A= 10300 2 200 _IH, —~ %62 = 1.7
2619 61 2 B = 358
Al = 461.235 265.7 92 04
2700 196 og
2725 291 1.2
253 429 1.7
2523 1053 43
2831 1938 3.1
W(CO)XPBs 235.7 10 02 A = 9290 = 630 A = T1.2 = 53
2594 13 a3 B — 286
Al == 594,603 2940 n 0.5
295.7 43 09
303.7 60 1.3

e - - s T e -

& Orifice diameter 0.1 nm.
t Orifice diamcter 1| mm.
* Aolecular weights in g

TABLE 3
ENTHALPIES OF SUBLIMATION OF 3{C0) (K7 3bLE™?)

[ e e === 3 pmmnIT R mm s e = T

Al{ COls Couaror cf al = Pilcker ¢t al }™
CHCON 2 ’ s '
Mo(CO) 708 733

W(COX 52 765
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