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ABSTRACT

Vapour pressures and enthalpies of sublimation of the complexes (acac)M -
(olefin), and (acac)M(CO), (M = Rh(I), Ir(I); olefin = ethylene, propylene, vinyl
chloride, vinyl acetate and methyl acrylate) were determined by the Knudsen effusion
method.

INTRODUCTION

Although numerous transition metal olefin complexes have been prepared and
characterized, little is known about the vapour pressures and heats of sublimation of
these complexes. This is primarily due to either the low thermal stability of these
compounds or.to a very low and a2imost undetectable vapour pressure. For compounds
with a low vapour pressure the use of a Knudsen effusion celi is very suitable!- 2.

In this laboratory, work is being carried out to obtain thermochemical data for
the metal-ligand bond>~ 3. As part of this work, enthalpies of sublimation are used
for the calculation of reaction enthalpies in the gas phase.

In this paper we report the vapour pressures and enthalpies of sublimation of
complexes of the type (acac)M(CH ,=CHX), (acac = acetyl acetonate; M = Rh(I),
Ir(I); CH,=CHX = ecthylene (ET), propylene (PR), vinyl chloride (VCl), vinyl
acetate (VA) and methyl acrylate (MA)), and also of the complexes (acac)Rh(CO),
and (acac)ir(CO),.

EXPERIMENTAL
Preparation of the complexes

(acac)Rh(ET), and (acac)Ir(ET), were prepared accordmg to Iiterature
methods® 7. The other complexes were obtained by displacement of ET in the
complexs (amc)Rh(E‘I’)z or (a.cac)lr(ET)z by an excess of olefin or CO. A detailed

* To whom correspondence should be addressad.
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description of the synthesis and characterisation of these complexes has been presented
in a previous paper (cf ref. 8). Benzoic acid was supplied by Mettler (melting point
standard), and anthracene (p.a_) was supplied by Merck.

Thermochemical measurements

Measurements were made using a Mettler Thermoanalyser type 1. A Knudsen
cell was placed on the balance as described by Wiedemann!. The vacuum was better
than 2 x 10~° mm Hg The furnace consisted of an open Dewar flask!® filled with
water or ethanol in which a heating/cooling spiral and a stirrer were placed. The
temperature was kept constant to = 0.1 K. The cold trap was filled with liquid
nitrogen. The construction of the Knudsen cell has been described by Wiedemann'.
However, 2 modified onfice was used, which was made of 0.05 mm-thick Ni foil.
The hole diameters were I and 3 mm. The sample weights were usually about 100 mg.

The accuracy in AmfAr was about 1 x 109 g sec™".

CALCULATIONS

Equilibrium vapour pressures were calculated according to the Knudsen
equation (1)
[ 2+
r gq M

where p = vapour pressure, dmf4t = rate of weight loss, g = calibrated orifice area,
R = gas consiant, T = temperature, and A = molecular weight.
For each set of data a curve was fitted according to eqn. (2)
A
logp = — - T B 2)
and the enthalpy of sublimation was calculated from this equation. A least-squares
analysis afforded a standard deviation for the 4 H values.

RESULTS AND DISCUSSION

The orifice area, which is dependent on the geometrical area and a form factor,
was calibrated by measurements using anthracene and benzoic acid. Data from two
different sources'- ? were used, and the results are given in Table 1.

It can be seen from Table | that the data of Wiedemann give the best cor-
responding orifice areas between anthracene and benzoic acid. For this reason, and
because the daia of Wiedemann were determined over nearly the same temperature
range as ours, the orifice area was calibrated using only these data.

Because many organometallic compounds are thermally unstable it is necessary
to investigate the existence of the complexes in the gas phase, and to determine
whether or not decomposition occurs during the measurements.
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Sample Temper- Weight loss Calc. from data of Calc. from dara of
arure (g sec™1) Wiedemann! Malaspina et al.®
Pressure Orifice area  Pressure Orifice area
(K) fmm Hg) (cm®) (mm Hg) (cm?
Anthracene® 323.7 49x10-° 273x10-% 41.7 %104 206x10-4 550 xI10-4
M = 17824 326.7 64 x10-? 3.64x10-% 406 %104 291x10-% SI1.1 x10-4
3324 120> 10~? 6.19x103% 453 x10—+ 5.50x10~+% 5I1.1 xI10—=
338.5 216 X102 10.72x10—= 47.6 x10— 10.63x10% 480 xI10—
Benzoic acids 2929 110> 10-? 6.72x10~% 43.6 <103 643>10~+% 454 x10—=
M=12212 295.7 158 x10—° 942x104 447 <104 898x10-+ 458 xi0*
268.9 223102 13.74x1077 436 x10* 13.08x10-* 45.7 x10-3
3015 325107 18.57x10F 471 x10—% 1763x10—F 49.7 xi0™°
3053 462 x10° 28.56x10-3% 439 x10~% 27.05x103% 463 x]03
Orifice diameter | mm; mean value for g?: (4.4 = 0.2) 103 cm?®.
Anthracenes 297.5 19:x10-* 1.74 %105 239x10-2 0.76 x10-5 557>10-2
M = 17824 302.2 31x10-? 295x10-% 2.33x10= 143 x10-3 4.85x10-2
306.5 50<10-° 4.72>10-5 237=x10-2 251 %105 449x10—=
310.1 81 10-9 692 x10-5 2.64x10-2 397 x10-5 4.61 <102
313.1 118x10-? 947x10-3 2.84>102 5.78x 103 4.64x10-=
319.6 226x10~? 1828x10-35 284x<102 12.73x10-> 4.88x10—2

Orifice diameter 3 mm; mean value for g¥: (2.6 = 0.2).10-= cm?>.

2 QOrifice diameter 1 mm.
b Only data from Wiedemann! were used, see text.
< QOrifice diameter 3 mm.

The complexes (acac)M(CO)., (acac)M(ET). and (acac)M(PR), (M = Rbh,
Ir) can be sublimed, and good mass spectra (A.E.I. MS9, 70 eV) were obtained from
(acac)Rh(ET),, (acac)Rh(VA),, and (acac)Rh(MA),, and also from (acac)Rh(CO),
and (acac)Ir(CO),'°. It was therefore assumed that all complexes do exist in the gas
phase.

In order to investigate if decomposition occurs during the measurements,
elemental analyses of all complexes were made before and after each vapour pressure
measurement. Decomposition of the complex would certainly increase the percentage
of metal in the sample, but it can be seen from Table 2 that no significant decomposi-
tion occurred during the measurements.

The measured vapour pressures and enthalpies of sublimation of the complexes
are presented in Table 2 and are shown graphically in Fig. 1.

Some samples gave a higher rate of weight loss during the first 24 hours, which
was probably due to the presence cf residual solvent or free ligand molecules in the
sample. (The accuracy of the elemental analysis, = 0.3 9/, was not sufficient to detect
the latter effect.)
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Fig. 1. Vapour pressures of the complexes: I, (acac)Rh(CO)=; 2, (acac)RMET)a; 3, (acac)Rh(i’R)z;
4, (2ac)RMVCI).; 5, (ac2c)Rh(VA)2: 6, (acac)Rh(MA).; 7, (2c2c)Ir(CO)a: 8. (acac)I{ET)s; O,
(2c2c)Irn(PR)=: 10, (2c2c)In(VCI)a; 11, (acac)in(VA)s: and 12, (2cacIfMA)s.

TABLE 2
VAPOUR PRESSURES OF THE MEASURED COMPOUNDS
Sample Aralvsis (92) Temper- Weight loss Pressure A
Before After alure (g sec™F) (1ro0rr) logp =B — -
Krudsen  Knudsen — (K)
measure- measure-
ment meert
(2c2c)RKCO)* C- 3245 C: 3246 2763 30x10-? 12x10—4
AM = 258.035 : 269 H: 274 2885 Is2x10-* 6.2x103
2479 O: 2477 2927 223x10~* 92x10+% A4 =4500 = IS0
2955 302x10? 125x10* B =124
2983 455x10—* 19.0x 10—
3009 682x10*® 285x100¢ AH,=206-=0.7
kcal mol-?
(Rcac)RIET)=> : 4182 C: 4210 2825 11 x10-? 0.5x103
M = 258122 H: 590 H: 595 290.7 38x10* 1.6x10—
: 1232 O: 12590 291.1 37x10~* L5XI10* A=5124=2186
2959 67x10-* 28x10* B=138
300.1 127x10-* 53x10—* .
3009 126x10-* 53x103% AH,=234209
3015 169x10~* 7.1x10%  kcal mol*
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TABLE 2 (continued)

Sample Analysis (4 Termper- Weight loss Pressure 4
Before After ature (g sec™1) {torr)  logp=B— -
Knudsen Knudsen (X)
measure- measure-
ment ment

(acac)Rh(PR)-* C: 4589 C: 45-.85 270.1 18x10-? 0.7x104

M = 286.176 H: 675 H: 678 278.1 61x1C6-? 23x10* 4 =4507 285
O: 11,69 O: 1173 2835 118x10°° 46x103 B =125
2853 143x10-? 5.5x10—+4
200.5 277x10~° 108x10-%* AH,=206-04
2940 429x10? 168x106—* kcal mol?
2025 1032x10-% 41.1x10—¢
(ac2c)RI(VCl)sP : 33.32 : 3312 2749 5x10-2 32x10-%
M = 327.012 : 420 : 4.04 2759 5x16? 32x10¢ A =06125 375

O: 967 O: 1005 278.1 9x10-° 58x10¢ B =168
Cl: 21.36 CI: 21.63 280.6 16102 10.0x10-¢
281.0 14x10-? 8.5x10¢ AH,=280=X17.
281.3 14x19-? 8.5x10-¢ kcal mol?
281.3 1910 11.8x10°¢
2833 27%10? 16.7x10-6
285.5 31 x10® 19.6x1i0-¢
288.1 48x10° 299x10-%

{acac)Rh({VA)-? C: 4173 C: 41.65 308.5 3x10-? 1.6x10-¢
M = 374.196 H: 5.15 H: 5.11 3106 4109 223x100¢6 4 =6340+172
O: 2539 O: 2551 3134 6x10-? 35x100¢ B =143
315.1 8§x10-? 5.0x10-¢
317.7 11x10-° 6.8x10¢ AH;=290 % 0.8
3204 14 %109 89x10-¢ kcal mol-1
327.9 44x10-® 27.6>10-%

(acac)RE(MA).® C: 41.70 - 41.03 310.7 5$x10-° 3.0x10-¢
M = 374.196 H: 520 H: 5.15 3131 6x10-° 3.7x10¢ A4
0O: 2560 O: 2563 313.1 6x10-° 34x10-¢ B
3148 7x109? 44x10-¢
316.0 10 10-9 60x10-8 A
3189 14x10—*° 8.6x10¢ kcal mol!
3255 34x109 214x10-8
326.5 33x10° 20.6x10°¢

(2cac)I(CO)=* - 2404 C: 2414 286.2 7x10-° 02x10—%
M = 347.330 H: 208 H: 211 2%40 16109 0.6x10= A4 =4821 X 68
O: 1848 : 1847 294.2 19 10-° 0.7x10¢ B =122

298.1 29x 107 1.0x104

303.0 49x10* 1.8X10—* AHs=220+03
306.0 76x10-* 28x10~¢ kcal mol™?

308.7 114x10-° 4.2x10—¢

3131 166x10-° 6.1 X104

3160 233x107*° 8.6x10—

3206 390x10® 14.5x10-4

325.1 599x10* 225x10—¢
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TABLE 2 (cortinued)

Sample Analysis (32 Temper- Weight loss Pressure 4
Before After arure (g sec™?) {rorr} logp=B— -
Knudsen Knudsen (K)
measure-  measure-
ment ment
(2cac)In(ET).* C: 3117 C: 31334 2835 8x10-? 03«10
M = 347417 H- 437 H: 453 2877 9 10~* 03x10-% A4 = 4324 = 238
O: 538 933 2903 17x107? 0.6xi10— B =106
2947 27710 09x10—*
2985 38> 102 14>x10% AH, =198 =10
3022 £90x 10-% 21 x101 keal mol-!
3050 642107 23x<10%
310.7 166:<10-* 6.1 <10+
(2cac)In(PR)-* C: 3525 C: 3556 2697 7x10-? 0210+
M = 37547 H: 510 H: 512 2700 8x10~* 03x10% A =4697=171
: — O: 826 2753 18x10-* 06x10* B=128
2754 16102 0.5x 104
280.6 41 <102 142107 AH =215 303
281.3 45 < 10~* 1.5x10* kcal mol-#
285.1 65>10-* 22x16
288.1 95 x10-* 3.2x16-3
2967 287x10~° 99x10-4
3037 637x<100* 222x10-3%
~cac)In(VCI).> C: 2580 C: 2599 23813 8x10~? 43x106
M = 416307 - 324 : 333 2845 11 x10-2 63x10-¢ A = 4684 =225
O: 782 O: 790 2860 12 10-3 68x10-¢ B=113
Cl: 16.53 : 1638 290.5 24>10-° 13.1x10"¢
2925 27x10* 152%x10¢ AH,=2]4=10
293.1 36<10-* 204x10¢ kcal mcl?
256.2 5>10°%  30.4:x10-¢
297.7 S8x10* 326x10°¢
(222)Ir(VA)=> C: 3385 C: 3385 133351 11:210-% 58x10-¢
M = 463491 : 419 : 436 329.1 21 x10* 11.3x10¢ A = 6284 = 163
0O: 2063 O: 2067 3317 Bx10-% 157x10-¢ B =141
3529 32x10* 18.1x10°¢
3372 57x102 322x10¢ AH,=288-=0.7
339.6 72107 412x10% kcal mol-?
343.5 118x10®* 67.6x10%
(acac;:.“MA)? C: 3337 - 3428 3115 2x10°% 08x10¢
M = 363491 : 420 H: 425 35173 4x10-° 23x10-%
O: 20.70 : 2060 3199 4x10~* 23x10°¢
3209 7x10~> 40x1073% A = 6120 = 268
3250 9:x10? 52x10-¢ B =136
3270 14x10-* 7.8x10-¢
327.5 14> 10~ 78x10¢ AH,=2802112
3294 16 x10~? 2x [0~ kcal mol-?
3326 28x10~* 15.6x10~¢
3353 41 %10~ 235x10-¢

3 Orifice diameter 1 mm.
b Orifice diameter 3 mm.
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Attempts to determine the vapour pressures of the complexes (acac)Rh(styrene),
and (acac)Ir(styrene), failed because the rate of weight loss was too low.

Table 2 and Fig. 1 show that the complexes under discussion have vapour
pressures and heats of sublimation comparable, for example, with those of Cr(C4H,)
(CO)5°.

The sublimation enthalpies of the YA and MA complexes are higher than those
of the other complexes, probably because of the larger dipole moments of VA and
MA (VA, pp = 1.7; MA, estimated p, = 1.7; CO, pup = 0.1; ET, yp = 0; PR,
pp = 034; and VCI, u, = 1.42)"'*. The deviation in the values for the YCI complexes
are more difficult to explain. (acac)Rh(VCl), has a sublimation enthalpy that is in
accord with the value expected on the basis of the dipole moment of VCI, but, on the
other hand, the sublimation enthalpy of (acac)Ir{VCl), is rather low.

The solid state structures of (acac)Rh(CO). and (acac)Ir(CQO). are known*>.
Although these structures show a significant interaction between the metal atoms of
neighbouring molecules, this interaction is not reflected in the enthalpy of sublimation.
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