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ABSTRACT

By means of the Knudsen effusion method the vapour pressures and enthalpies of sub-
limation of M(CO)sL (M =Cr, W; L = Co, P(0OQ);3, PQ3, PMes, NMey and pyridazine
were determined and compared with their dipole moments.

INTRODUCTION

Vapour pressure measurements have been carried out on a number of
M(CO)s;L (M = Cr, Mo, W; L, = PF;, PCl;, PBr,, piperidine, pyridine, pyrazine,
pyrazole and thiazole) and M(CO)s_ L, (M = W; L. = CH;CN; x = 1—3) com-
plexes in our laboratory [1—3]. The Knudsen effusion method has proved to
be the most reliable for measuring vapour pressures for these types of com-
plexes [1—3].

In this paper we report the vapour pressures of M(CO);L complexes (M =
Cr, W; L =CO, P(0Q);, P@,, PMe,;, NMe,; and pyridazine) measured by the
Knudsen method. The enthalpies of sublimation determined from the vapour
pressure data are compared with the dipole moments of the corresponding
complexes.

EXFPERIMENTAL

The M{CO);L complexes were prepared using standard literature methods.
The M(CO})sL (M = Cr, W; L = P(O9); and PQ®,) complexes were synthesized
according to the method of Magee et al. {4] (by adding the ligand to the cor-
responding hexacarbonyl in refluxing digiyme; the diglyme is removed under
reduced pressure and excess hexacarbonyl by vacuum sublimation). The
M{CO);PMe; complexes were prepared using the method of Connor et al.
[5] (by adding AgNO:;PMe; ta [M(CO);CI}-Et:N in a CH,Cl, solution). The
M(CO);NMe; compounds (M = Cr, W) were prepared under a nitrogen atmo-
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sphere (a suspension of ONMe; was added to M(CO)¢ in freshly distilled
tetrahydrofuran at —5G°C, as described by Koelle [6]). The preparation of
M(CO);pyridazine is described in ref. 7. M(CO); (M = Cr, Mo, W) complexes
were purchased from Strem Chemicals and used without further purification.
The purity of the complexes was checked by IR spectroscopy and micro-
analysis. A detailed description of the equipment is given in refs. 8 and 9.
The diameters of the cell orifices employed were 0.1 and 3 mm, respectively;
their calibration has been published elsewhere [1,9]: The sample weights
varied between 100 and 200 mg and the vapour pressures were calculated
according to the Knudsen equation

=Am ) 11/20RT

e .= 1
At g M (1)
where p = vapour pressure, & = gas constant, Am /At = rate of weight loss,
T = temperature, g = calibrated orifice area, and M = molecular weight. The
accuracy in Am/At was 1 X 1072 kg sec™! and in the temperature 0.1 K.

A

Inp Tt B (2)

Enthalpies of sublimation were calculated from egn. {2). A least squares
analysis of the data afforded the standard deviation quoted. The reproducibil-
ity of the measurements was checked by arbitrary fluctuation of the temper-
atures. Attempts to obtain vapour pressure data for Cr(CO)s;P(O®); failed.
Dipole moments were measured on a General Radio Capacitance Measuring
Assembly type 1620-A.

RESULTS AND DISCUSSION

For vapour pressure measurements it is necessary to prove the existence of
the complexes in the vapour phase, since some M(CO);L complexes possess a
low thermodynamic stability. All complexes reported here have been the
subject of matrix isolation and photoelectron spectroscopy studies {7,10—
15], and from these studies it has been concluded that the M(CO);L. com-
plexes (M =Cr; W; L = P(OQ);, PQ;, PMe; and NMe;) exist in the vapour
phase. '

In order to inspect the reliability of the Knudsen cell apparatus the
enthalpies of sublimation of M(CO)s; (M = Cr, Mo, W) complexes were mea-
sured (see Table 1).The data for the M(CO), complexes are in agreement
with previously reported data [16]. Figures 1 and 2 show the vapour pres-
sure curves of the M(CO)s; and M(CO);L complexes, respectively.

The enthalpies of sublimation of the M{(CO), complexes follow the order
Cr< Mo < W, This order is also generally found for the corresponding
M(CO);L complexes with the exception of M(CO);L (L = P®,, PF; [1], PBr;
{1], pyridine [2]). A general relationship between enthaipies of sublimation
and dipole moments [17—19] was not found; some N-donor complexes did
show a trend, whereas P-donor complexes did not, as is demonstrated in
Table 2.
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TABLE 1
Vapeour pressures and enthalpies of sublimation of M{CO}sX

Sample Temp, Weight Pressure Inp= AH,
(K) loss X 1012 (Pa) —4.,.p (kJ mole™!)
(kg sec™) T
Cr{CQ)¢ = 240.6 9 0.3(x107!') A =8610 AH,="71.6 £1.7
244,7 14 0.5 B= 3822 AH,=71.8%0.4
M = 220.062 247.4 26 0.9 [16]
250.6 43 1.4
252.5 52 1.7
257.4 72 2.4
260.0 115 3.9
263.3 163 5.5
264.8 249 8.4
269.3 380 13.0
271.6 529 18.2
280.2 1318 45.9
Mo(CO)e 2 243.6 7 0.2(x10"!) A =9252 AH,=176.90.9
247.4 12 0.4 B=34.0
M = 264.002 257.4 47 1.4 AH,=73.821.0
257.6 53 1.6 [16]
261.0 77 2.4
265.4 129 4.0
268.0 204 6.4
272.1 341 10.7
275.8 478 15.1
283.7 1378 44.1
W(CO)g ® 250.3 4 0.1 (%107') A =9489 AH;,=789%1.1
i 251.1 4 0.09 B= 33.3
M =351.013 255.5 9 0.2 AH =765%1.3
257.6 11 0.3 [16]
259.8 16 0.4
260,7 19 0.5
260.7 14 0.4
264.7 27 0.7
265.5 32 0.9
270.1 59 1.6
273.3 89 9.4
274.4 106 2.9
281.1 238 6.6
281.1 234 6.5
285.6 406 11.3
285.9 381 10.6
292.0 721 20.3
W(CO)sP(0g); P 308.1 6 0.3(x107%) A =14460 AH,=120.2%6.6
310.8 9 0.6 B=  38.8
M'= 684.193 312.8 8 0.5
315.5 14 0.6
316.7 10 0.9
318.9 17 1.1
325.1 59 3.8
3275 100 6.5
3342 121 7.9
337.4 194 12.8
341.7 751 49.8
348.7 933 62.5
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TABLE 1 (continued)

Sample Temp. Weight Pressure inp= AH,
(K) loss X 102 (Pa) _A.g (kJ mole™!)
' (kg sec™!)
Cr(CO):Pg; 324.4 7 0.5(x1073) A =20480 AH,=170.2%6.8
330.4 21 1.6 B = 55.5
M = 454344 334.0 40 3.1
337.1 70 5.4
3431 165 13.0
346.7 442 34,0
W(CO)sPg3 ® 339.8 16 1.1 (x10™*) A =19509 AH;=162.2%8.3
343.9 38 2.6 B= 50.7
M = 586.194 346.5 53 3.7
348.2 78 5.5
348.7 89 8.2
349.4 63 4.4
350.1 78 6.5
351.3 138 9.7
351.8 153 10.7
3562.3 115 8.1
355.6 245 17.2
358.8 396 28.0
363.6 635 45.2
Cr(CO)sPMes @ 267.4 13 0.4 (x107'y A=10976 AH,=91.2+1.6
268.1 18 0.5 B= 37.9
M= 2683.129 277.0 54 1.7
277.7 59 1.9
279.8 87 2.8
283.8 158 5.0
288.0 254 8.1
288.1 273 8.8
291.7 414 13.3
296.0 681 22.1
W(C0O)sPMe; 2 283.1 4 0.1 (x107') A=11282 AH,=93.8%1.5
288.0 8 0.2 B= 35.3
M = 399.981 290.2 9 0.2
300.4 36 1.0
302.9 60 1.6
308.3 97 2.6
313.1 186 5.1
317.7 281 7.7
322.9 504 14.0
327.0 756 21.1
Cr(CO)sNMez 8 248.4 1 0.04 (x107!1) A = 9652 AH, = 80.2 +0.7
259.4 6 0.2 B= 333
M = 251.164 268.0 19 0.6
278.5 77 2.5
280.5 102 3.3
283.8 143 4.7
287.7 234 7.7
288.0 242 8.0
292.2 389 13.0
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Sample Temp. Weight Pressure Inp= AH_
(K) loss X 10'2  (Pa) _A,p (kJ mole™!)
(kg sec™ ) T
W(CO)sNMez ¢ 279.3 5 0.1(x107") A=10712 AH.= 89.1%21
283.0 8 0.2 B= 33.9
M = 383.014 286.5 10 0.3
291.0 22 0.6
299.7 62 1.7
303.6 109 3.0
307.9 167 4.6
313.0 290 8.1
316.0 393 11.0
320.8 491 13.9
W(CO)spyrida-  287.7 8 0.06 (Xx107%) A =1280 AH,=106.4 25
Zine b 291.7 16 0.1 B= 37.2
M =403.992 295.2 29 0.2
299.5 62 0.5
304.2 a1 0.7
308.1 190 1.5
313.2 325 2.6
317.9 607 4.8
323.1 1017 8.1

2 QOrifice diameter 0.1 mm.
b QOrifice diameter 3 mm.

TABLE 2

Enthalpy of sublimation and dipole moments of M(CQ)s;L complexes

Molecule AH, (kd mole™!) H{D)
Cr(CO)spiperidine 93.52 5.8b
Mo(CO)spiperidine 9454 5.90b
W(CQ);piperidine 10644 66P
Cr(CO)spyridine 103.z& 6.3%
Mo(CO)spyridine 102,02 640
W(CO)spyridine 109.7 2 7.0b
Cr(CO)sPBr; 79.9 ¢ 0.94d
Mo(CO)sPBr, 0.8 ¢
W(CO);PBr3 77.2°¢ 1.0¢
Cr(CO)sPd; 170.2 5.5¢
Mo(CO)sPd3 561
W(CO)s P 162.2 5.9 ¢

2 Datg from ref. 2.

b Datg from ref., 17.

€ Data from ref. 1

d Data from ref. 19.
€ Measured in benzene solution.

f Data from ref. 18
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The smaller dipole moments obtained for the M(CO).PX, (X = Br, @)
complexes, which are expected for complexes with a decreasing o-donation
and an increasing w-backbonding, was not paralleled by smaller enthalpies of
sublimation. Moreover, such a direct relation between p and AHg is not
expected for these complexes containing ligands L, which will give strongly
different intermolecular interaction.
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