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Abstract

A photomicrocalorimeter is described for studies of reactions involving oxygen and moisture-sensitive compounds in organic
solvents. This calorimeter was used to investigate the thermochemistry of photochemical substitutions of a carbonyl in [Mn(n3-
CsH,CH 3XCO);] by P(OR); (R = Ph or 'Pr). The measured reaction enthalpies in heptane (A =400 nm), AH, = —15.7 + 0.5 and
—-18.6 + 0.9 kJ mol !, respectively, were identified with the bond dissociation enthalpy differences D(Mn-CO) — D[Mn-P(OPh),]
and D(Mn—CO) — D[Mn—-P(O'Pr),] in solution. These results are discussed in terms of the basicity of the phosphites, spectro-
scopic data of the complexes (CO stretching frequencies), and the available thermochemical data for other transition metal-phos-

phorus(III) ligand interactions.
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1. Introduction

Despite the importance of transition metal com-
plexes containing phosphorus(III) ligands in many syn-
thetic and catalytic processes [1,2], data on metal-
phosphorus bonding energetics are still scarce [3]. In
the present paper we report thermochemical observa-
tions on reactions involving the replacement of a car-
bonyl in [Mn(MeCpXCO),;] (MeCp = n°-C;H,CH) by
P(OPh), or P(OPr),. The complex and its cyclopenta-
dienyl analogue are remarkably inert towards thermal
substitution, which hinders the use of classical meth-
ods, such as reaction-solution calorimetry, to probe
their thermochemistry. However, they undergo effi-
cient photochemical substitutions by almost any nucle-
ophile with very high quantum yields (0.65-1.0) in the
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near-UV [4,5]. This has been the favourite synthetic
method of preparing complexes [Mn(MeCpXCO),L]
(reactions 1 and 2) [6-11]. The photochemical cleavage
of one carbonyl is followed by the coordination of a
soivent molecule S (such as diethyi ether, tetrahydrofu-
ran and alkanes), yielding [Mn(MeCpXCO),S] This
species then reacts with the nucleophile (L), giving
[Mn(MeCpXCO), L] (L = pyridine, amine, phosphines,
phosphites, thiols, etc.).

[Mn(MeCp)(CO);] (soln) + S(soln) —2»
[Mn(MeCp)(CO),S] (soln) + CO(soln) (1)
[Mn(MeCp)(CO),S](soln) + L(soln) ——
[Mn(MeCp)(CO),L] (soln) + S(soln)  (2)

These reactions are well documented in the litera-
ture and under controlled conditions are clean pro-
cesses [4]. For the analogous cyclopentadienyl complex,
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[Mn(CpXCO),], photoacoustic calorimetry experiments
afforded the enthalpy of reaction 1 (S = heptane) and
the enthalpies of reaction 2 for several L (thf, acetone,
cis-cyclooctene, dibutylsulphide, haloalkanes, and
silanes) [6-8].

We have used photomicrocalorimetry [12] to mea-
sure the enthalpy of reaction 3 in heptane solution for
L = P(OPh), or P(O'Pr);, and to derive the bond dis-
sociation enthalpy differences D(Mn-CO) — D(Mn-L).

[Mn(MeCp)(CO),](soln) + L(soln) _h
[Mn(MeCp)(CO),L](soln) + CO(soln). (3)

Photocalorimetry can be attractive for the study of
the thermochemistry of reactions in solution, particu-
larly when those reactions are not amenable to calori-
metric methods based on thermal activation. It has
been used to investigate a variety of light-induced
processes in several areas [12], including transition
metal coordination chemistry [13-16], organic chem-
istry [17,18], polymer science [19-22], biochemistry
[23-27], and biology [28,29]. As suggested by its name,
photocalorimetry relies on standard calorimetric equip-
ment, usually an isoperibol or a heat-flux calorimeter,
coupled with optical devices that allow the irradiation
of the sample contained in the reaction vessel. The
instrument used in the present work is a mi-
crocalorimeter of the heat-conduction type, allowing
the use of very small and dilute samples. As described
below, the light is led into the sample cell through
several optical fibres.

The basis of photocalorimetry is rather simple. Light
of energy E,, supplied to the calorimetric vessel filled
with a photoinert reference or blank, is quantitatively
transformed into heat, ¢, and this quantity is mea-
sured. In another run, the same amount of energy is
used to activate the photosensitive substance and a
reaction occurs. The difference between Q' and the
heat recorded in this second run, Q, enables one to
derive the enthalpy associated with the photochemical
reaction, AH,, if the molar conversion of the reactant
(n) is known (eqn. 4):

Q-0

n

AH, = (4)

2. Experimental section

2.1. Photomicrocalorimetry

The photomicrocalorimeter (Fig. 1) is a modified
version of the instrument developed by Teixeira and
Wadso [30] and was briefly described in previous re-
ports [{12,17,31]. Only one of the four twin heat-con-
duction microcalorimeters of the Thermal Activity

THERMOSTATIC
BATH

ESCS Y

(8-

[TRIS G0 g
i

BEINNNNN e evirsar ot -

Z

TAM
Fig. 1. One channel version of the photomicrocalorimeter. OB —
optical bench; M — heat conduction twin microcalorimetric unit or
channel; I — photoinert light absorption vessel; S — photochemical
vessel; LI and LS — optical cables to vessels I and S.

Monitor (TAM) from ThermoMetric, Sweden (5 ml
ampoule channel 2277-201) [32] was required for the
type of measurement made in the present study. Each
channel or microcalorimeter is an independent differ-
ential unit, sharing with the others a thermostatic bath
with a stability of +1 X 10™* K over extended periods
(in our case the mean temperature was set to 298.15
K). A modular system of insertion vesseis with differ-
ent geometries can be fitted into each channel, in
opposition to each other [31,33]. In a typical experi-
ment, the base line is first recorded for this twin system
at thermal equilibrium. When a physical or chemical
process occurs in the main vessel, the heat exchange
with the surroundings is detected as a power output
which is amplified and recorded as a function of time.
This signal can be computer integrated and the total
amount of heat determined by electrical or chemical
calibration.

The vessels S and I (Figs. 1 and 2) used in this work
were described in detail elsewhere [30]. However, as
illustrated in Fig. 2, several modifications were made in
both vessels in order to use organic solvents (heptane
and decane have been tested) under an inert atmo-
sphere. The main photochemical vessel S is 2 modified
version of the prototype of the perfusion /titration cell
from ThermoMetric 2277-402 [33], adapted with three
optical plastic cables (Mitsubishi, Japan) and an injec-
tion titration tube [30]. In order to prevent any leak of
the solvent, the following changes were made to the lid
(Fig. 2B): the titration tube, which was not used in
these experiments, was replaced by a Teflon plug; the
steel sleeves (2 mm o.d.), to which the optical fibres (1
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Fig. 2. Modifications of the photomicrocalorimetric assembly for
studies with organic solvents. (A) — Details of the absorption

compartment of the reference vessel 1. a, steel container; b, brass
bolt with holes for insertion of the fibres; ¢, O-ting. (B) — Detail
of the photocalorimetric vessel S. d, Teflon stirrers; e, 3 ml stainless
steel sample compartment; f, liquid level; g, Teflon sealing ring; h,
lid; i, steel sleeve; j, optical fibre, k, plastic protection of the fibre; 1,
stirrer shaft; m, steel tube; n, Teflon O-ring; o, Teflon “moisturizers”.
(C) — Detail of the steel sleeve of the fibres (i); the quartz window
and Teflon protection jacket are not seen in this Figure (see text).
(D) — Detail of the stirring shaft (1). p, brass bolt; q, Teflon O-ring.

mm o.d.) were fixed with epoxy resin after stripped of
their plastic sheaths, are longer than in the early ver-
sion and are screwed to the lid, a tight seal being
ensured by a Teflon O-ring. In some experiments a 2
mm diameter quartz window was glued to the end of
each sleeve and positioned with the help of a Teflon
tube (not shown in Fig. 2), to avoid the contact of the
optical fibres with chemically aggressive solutions. In
other experiments, a glass or quartz tube was inserted
and glued to the sleeve as a protection jacket. How-

ever, as these modifications decrease the amount of
light that reaches the sample, they should be used only
when necessary. If the chemical attack is very slow, an
alternative is simply to cut the tips of the fibres after
several experiments. This has been done, for example,
in the experiments involving heptane solutions of the
manganese complexes, described below.

Teflon “moisturizers” (Fig. 2B) were used to wet
the stirring shaft below the Teflon O-ring with the
solvent used in the experiment, in order to decrease
the time to reach thermal equilibrium. As this Teflon
O-ring does not make a tight seal, the water column
normally used in the shaft [33] was eliminated. An
advantage of the previous change is that it increases
the volume to be filled with argon. Both the titration
shaft and the 3 ml sample container can be coated with
black Teflon for experiments with acid solutions [30].
This coating cannot be used with heptane solutions as
it gives rather long equilibration periods. Finally, the
cell S can be loaded inside a small glove box, under
argon.

The photoinert vessel I transforms light quantita-
tively into heat. It is a steel ampoule with a brass
filling, with four holes for fibre insertion (up to four
cables). It was found that the brass filling improves the
response of the twin system when the main vessel S
was filled with heptane solutions. For water solutions
better performance was achieved with the early “steel
only” design [30]. Small Teflon plugs can be used to
block the holes when a reduced number of fibres is
used.

The optical bench (Fig. 3) was modified to maximize
the photon fluxes and to compensate partially for the
small irradiation area of the fibres (<3 X1 mm?).
Most components are from PTI (Photon Technology
International). Light from a 100 W tungsten halogen
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Fig. 3. Optical bench. LS and LI optical cables to vessels S and I; a,
slit and adapters; if, linear interference filter Schott Veril BL 200;
ch, metallic chopper; |, quartz lens (f = 3.5 cm}; d, A001 PTI optical
diffuser or homogenizer; irf, A002 PTI stainless steel IR water filter;
hi, A1010PTI housing lamp with elliptical reflector r (f = 4.5); 1a,
lamp; ps, power supply PTI LPS-220 with igniter i; cs, automatic
water cooling device.
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lamp (Flecta or Osram) installed in a housing with an
elliptical reflector is IR filtered and homogenized, fur-
ther focussed with a convergent quartz lens (focal
length 3.5 cm), and filtered to about 30 nm band pass
by using a 3 mm slit and a linear interference filter
(400-1000 nm range). Depending on the energy re-
quirements, this slit can be increased to 1 cm, corre-
sponding to a band pass of ca. 45 nm. Several adapters
were used for firm mounting of the six optical cables at
the focus of the light beam, three for each of the
vessels S and 1. The fibres were held vertically, at the
centre of the slit (other geometries are possible, de-
pending on the filter used). The housing lamp and the
IR filter are refrigerated with water from an automatic
cooling device, preventing overheating in case of water
supply failure. The power supply to the lamp, together
with an igniter (Fig. 3), can also power mercury, xenon
or mercury-xenon are lamps fitted in the same housing.
In the case of the tungsten lamps used in the present
work, very stable radiant powers can be supplied to the
photomicrocalorimeter, over long periods: for 0.3—-1 cm
slits and wavelength of ca. 436 nm the maximum power
can vary from 80 to 190 xW (3 X107 to 7x 10~
Einstein s™') and is stable to within 0.3 uW. The
power produced with the early optical bench [30] was
below 60 uW, for a band pass of 14 nm, selected with a
monochromator and without the use of the elliptical
reflector. The comparison indicates that only by in-
creasing the number of optical fibres will it be possible
to increase photon flux (a 20 ml photochemical vessel
with more fibres is under development) [34].

In the earlier design of the photomicrocalorimeter
two calorimetric twin units (or two channels) were used
[30]. The present mode of operation, with only one
twin unit, requires equal illumination of vessels S and 1
during the irradiation. This was achieved by adjusting
the position of the fibers LS and LI at the beginning of
each set of experiments, after loading the vessel S with
the solvent. Light was then quantitatively transformed
into heat on both sides of the twin system, cancelling
the power signals (i.e.,, the same Q' is measured in both
sides). The suppression of the light (or heat) back-
ground, enables recording at higher sensitivity. This is
illustrated in Fig. 4A.

After the fibres had been adjusted as described in
the previous paragraph, the base line remained con-
stant for the periods with and without irradiation.
Ideally, no base line shift should be noticed when the
light is switched on or off. However, the shadowed
areas in Fig. 4A clearly indicate non-steady situations,
which arise from the different time constants of the
two vessels I and S. As mentioned before, this effect
was minimized for the experiments involving heptane
by using the cell I with a brass filling.
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Fig. 4. Typical power vs. time records for “one channel operation”.
A — base line adjustments of the twin system: h, heptane at 400
nm; s, 0.05 M sulphuric acid at 436 nm. B — plots for the photo-
chemical reactions: h, reaction 3 for L =P(OPh); at 400 nm; s,
reaction 5 at 436 nm. Both processes are exothermic. The arrows
indicate the exact moment for switching the light on and off. The
shadowed areas indicate nonsteady periods (see text).

After charging the vessel S with the photosensitive
compound, without changing the optical geometry, the
irradiation begins and the net power signal is recorded
as illustrated in Fig. 4B for reactions 3 and 5. The
integrated area multiplied by the electrical calibration
enables direct calculation of the enthalpy of the reac-
tion using eqn. (4). Note that in the one channel mode
of operation E, is not known, and therefore quantum
yield determinations are not possible [12,30], chemical
analyses being required to obtain AH,.

Fluctuations of light intensity with time are largely
compensated for by the present one channel arrange-
ment, as long as the focus position is not changed.
Frequent checks of the base line were made, in order
to confirm that the geometry of the optical system had
not changed between runs. Fortunately, errors due to
small base line shifts or to light intensity fluctuations
are not serious, as long as the molar conversion is kept
above 10”7 mol h™}, preferably ten times as much.
Changes in the shape of the tungsten filament, which
may cause a shift in the base line, can be reduced by a
diffuser (Fig. 3). However, this device leads to a de-
crease of about 30% in the photon flux.

2.2. Compounds

Potassium tris(oxalato)ferrate(III) K,[Fe(C,0,);]
3H,0 was prepared as described in the literature
[30,35-37]. The actinometer solutions used in the
calorimeter and the solutions for dosage of Fe!l were
made from deionized water saturated with nitrogen.
The analytical procedure is described elsewhere
[30,35-37].

P(O'Pr), (Aldrich) was dried with sodium and dis-
tilled under vacuum. P(OPh); (Merck) was purified as
described in the literature [38].
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[Mn(MeCpXCO),] (Aldrich) was vacuum distilled in
the dark and kept under argon prior to use. The
complexes [Mn(MeCpXCO),P(OPh),] and [Mn(Me-
CpXCO0),P(O'Pr),] were prepared as described in the
literature [11], with minor modifications. Yellow crys-
tals of the triphenylphosphite complex were obtained
from hot hexane solutions. The purification of the
trisisopropyphosphite complex was made according to
a literature procedure [39]. The purities were checked
by elemental analysis and IR spectroscopy.

2.3. Experimental procedure

Additional details of the photocalorimetric experi-
ments were as follows. All the runs involving the
tris(oxalato)ferrate(1IT) and manganese complexes were
performed under a dim red light. The solutions of the
tricarbonyl-manganese complex with an excess of each
phosphite were degassed and vessel S was loaded un-
der argon in a glove box. Dinitrogen was not used
because it diffuses faster than argon from the vessel,
and also to avoid the formation of a (dinitrogen)
manganese complex [40].

The base line adjustments for irradiations at 400 nm
(~ 45 nm band pass) are illustrated in Fig. 4. They
were checked with ferrocene solutions in heptane, to
guarantee that no light losses occur by reflection (fer-
rocene is photoinert at that wavelength).

The number of moles of reacted tricarbonylman-
ganese complex, ny,,, was determined spectrophoto-
metrically (Perkin Elmer Lambda 15) by using the
relation AC = AA/lAe , where AC is the decrease in
molar concentration of the starting complex, 4.4 the
difference in absorbance before and after irradiation,
Ae,, the difference in the molar extinction coefficients
between the parent and the final complex, and [ the
optical path (0.2 or 0.5 cm). Ae,, =€, —¢; was deter-
mined from Lambert-Beer plots for the tricarbonyl and
the phosphite complexes at three different wavelengths
(Table 1). The IR spectra of the final solutions demon-
strated (based on the stretching frequencies of the
carbonyl group) [11] that only the monosubstituted
complexes [Mn(MeCpXCO),P(OR),JR =Ph or 'Pr)
were formed.

TABLE 1. Molar extinction coefficients, €, for the heptane solu-
tions of the manganese complexes ?

Complex 310 nm 320 om 340 nm
(Mn(MeCpXCO),] ) 267 356 372
[Mn(MeCpXCO),P(O'Pr),] 496 649 853
[Mn(MeCpXCO), P(OPh);] 666 894 1103

® Values for the tricarbonyl complex are €; and for the remaining
are €; (see text).

The base line stability with heptane is the same as
for water solutions, +0.3 uW over 24 hours. All exper-
iments were performed at a stirring rate of 1.5 Hz
using a 6920B Meter Calibrator from Hewlett Packard
as power supply. The friction from the stirrers pro-
duced about 0.8 uW.

Electrical calibrations of vessel S charged with 2.7
ml of deionized MilliPore water were performed as
described elsewhere [17,30]. The calibration constant
(e) for the manganese systems and for the azobenzene
test reaction was (8.637 + 0.055) X 10~% J cm~? (sensi-
tivity 30 uW). In the case of the potassium
tris(oxalato)ferrate(I1I) test reaction, electrical calibra-
tion was made using the TAM resistors at the bottom
of the channel and led to € = (8.857 + 0.016) X 10™4 J
cm ™2 (sensitivity 30 «W). In the latter experiments the
Teflon-coated vessel S was filled with 2.7 ml of 0.05 M
H,80,.

3. Results and discussion

3.1. Test reactions

A good chemical calibration reaction for pho-
tocalorimetry should be provided by a photochemical
reaction of high quantum yield in the full UV-Vis
range and with an accurate and large AH, determined
by other experimental technique. To our knowledge,
no chemical calibration has been recommended for
photocalorimetry. However, several groups have deter-
mined the enthalpy of reaction 5, the reduction of
Parker’s actinometer potassium tris(oxalato)ferrate(I1I)
in 0.05 M H,SO, [13,23,30], and the results agree
within the uncertainty intervals (see below). Reaction 5
was thus used in the present work to assess the perfor-
mance of our photocalorimeter.

[Fe(C,0,),]’ (soln) —2—
[Fe(C,0,),]*” (s0ln) + CO,(soln)
+1/2C,07 (soln) (5)

Details of the experimental method were previously
reported [30] and the results of the present one chan-
nel set-up are shown in Table 2 [41*]. The power uvs.
time curves for the optical adjustment and the reaction
are illustrated in Fig. 4. The value obtained for the
enthalpy of reaction 5, AH, = —51.2 + 2.0 kJ mol !, is
in good agreement with those published in the litera-
ture: AH,= —52.6 + 0.8 kJ mol~! (the same method
but using two channels) [30];, AH,= —53.6+2.9 kJ
mol ! (irradiation at 446 nm) [13]; AH, = ~54.0 + 8.0
k] mol~! [23]. The larger uncertainty of the result
reported in the present paper, compared to the value

* Reference with asterisk indicates a note in the list of references.
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TABLE 2. Photomicrocalorimetric results for the Hatchard-Parker
actinometer K,[Fe(C,0,),;]-3H,0 (Eq. 5) at 436 nm *

TABLE 3. Calorimetric results for the reaction of [Mn(MeCpXCO),]
with P(O'Pr); in heptane (reaction 3, A = 400 nm) ?

ngen X 107 /mol Q' - Q@)x10%/] AH, /kJ mol~! Ry X105 /mol  t,, /b (Q ~Q)x103/]  AH, /kJ mol~?
7.630 —38.98 ~51.08 2.09 1.50 —-38.50 ~18.42

6.391 —35.67 —55.77 1.74 1.00 -30.72 ~17.62

7.658 —39.42 ~51.48 1.32 1.13 —~26.82 ~20.26

6.901 —34.79 —50.42 1.83 2.58 -33.09 —18.08

6.845 —34.35, —-50.19 2.46 1.18 —46.25 —-18.80

6.171 —-29.95 —48.53 average —18.61+0.9

average —51.24+20

? Irradiation time 1 h; molar extinction coefficient for the Fe'-
phenanthroline complex at 510 nm, €, =1.114x10* M~! em™!
[30,35-37]. Amplifier sensitivity 30 uW.

in ref. 30, may be due to propagated errors caused by
small shifts in the base line between experiments, dur-
ing the irradiation (possibly due to changes in the
position of the fibres at the focus region).

As reported elsewhere [17], the performance of the
photomicrocalorimeter with the optical extension de-
scribed in Fig. 3 was also tested with reaction 6, the
isomerization of trans- to cis-azobenzene in heptane,
at 436 nm (bandpass 30-45 nm).

trans-PhN=NPh(soln) —~— cis-PhN=NPh(soln) (6)
AH, =489 + 2.3 kJ mol

Reaction 6 is not wavelength dependent, as proved
by the agreement with the value published by Adamson
et al, AH,=49.0 + 5.4 kJ mol™! [13], measured with
an isoperibol reaction-solution photocalorimeter at 546
nm, in heptane. The value AH, =48.9 +2.3 kJ mol ™},
coupled to the enthalpies of solution of the two iso-
mers in heptane, leads to AH,(trans — cis, cr) =452 +
2.4 kJ mol™!, which is slightly lower than the one
obtained by reaction-solution calorimetry data,
AH (trans — cis, cr)=49.1 + 1.0 kJ mol~! [17]. This
small discrepancy, together with the difficulties in han-
dling the solutions in the photomicrocalorimeter (slow
attack on the plastic fibres, difficulties in purifying the
two isomers, efc.), raises questions about the use of
azobenzene as a calibration standard for pho-
tocalorimetry.

3.2. Manganese complexes

The results for the enthalpies of reaction 3 for
L = P(O'Pr), and P(OPh),, are shown in Tables 3 and
4, respectively. An example of a typical power vs. time
curve is illustrated in Fig. 4.

The average reaction enthalpies in Tables 3 and 4,
—18.6+ 0.9 kJ mol~! and —15.7 + 0.5 kJ mol~}, can
be identified with the solution values for the bond
dissociation enthalpy differences D(Mn-CO) — D
[Mn-P(O'Pr);] and D(Mn~CO) — D[Mn-P(OPh),],
respectively. If it is assumed that the solvation en-

* All the experiments were run at 30 uW, with solutions of identical
composition: [Mn(MeCpXCO);1=4.2x107> M; np / ny, = 8.8.

thalpies of products and reactants in reaction 3 are
similar [42], then the above AH, results also represent
the bond dissociation enthalpy differences in the gas
phase. Bearing in mind that the cone angles of both
P(O'Pr); and P(OPh); are similar (130° and 128°, re-
spectively [3]), the fact that D[Mn—P(O'Pr),] is slightly
larger than D[Mn-P(OPh),] (by 2.9 + 1.0 kJ mol™1) is
in keeping with the more basic character of this (iso-
propyl) phosphite. The pK, of protonated P(O'Pr); is
4.08 as compared with —2.0 for protonated P(OPh),
[3]. The stronger o interaction in the case of the alkyl
phosphite is also shown by the values of the parame-
ters "y, 19.05 and 30.20 cm™!, respectively, for
P(O'Pr), and P(OPh),. These "'y values have been
tabulated by Bartik and coworkers [3,43] and their
difference (—11.15 cm™") reflects approximately the
difference between the carbonyl stretching frequencies
in the two complexes [44*].

To our knowledge, other than the thermochemical
results reported above, there is no information on the
energetics of bonds between manganese (or any other
Group 7 metal) and phosphorus(IIl) ligands. However,
the differences D(Mn—CO) — D[Mn-P(OR);] can be
compared with data derived by photoacoustic calorime-
try for the replacement of a carbonyl group in the

TABLE 4. Calorimetric results for the reaction of [Mn(MeCpXCO),]
with P(OPh), in heptane (reaction 3, A = 400 nm) ®

Solu- R, X 108 tire /h Q-9 AH, /iJ
tion /mol x103/3 mol !

A 1.98 2.17 -313 —15.81

B 2.30 1.67 -37.7 —-16.40

C 2.10 2.41 —33.8 -16.08

D 2.52 1.33 -375 —14.88

D 2.17 1.17 -33.5 —15.46

average —15.74£0.5

 Composition of solutions: [Mn(MeCpXCO);] 1.8X 1072 M (A),
26%x1072 M (B), 5.2x 1073 M (O), and 18X 1072 M (D); the
ligand /metal molar ratios, np / ny,, were 10 (A), 11 (B), 12 (C), and
9 (D). The amplifier sensitivity was 30 uW (A, B and D) and 100 uW
©).



P.B. Dias et al. / Photosubstitution of carbonyl by phosphites 117

TABLE 5. Differences between manganese—carbonyl and man-
ganese-ligand bond dissociation enthalpies in [Mn(MeCpXCO),L]
and [Mn(CpXCO),L]

L D(Mn-CO)— D(Mn-L)/kJ mol !
P(O'Pr); * -18.6+ 0.9
P(OPh), * -15.7+ 05
Bu,S"® 69.4+10.9
Et,SiH ® 111.3+12.4
THF ° 1259+ 7.7
Me,CO ® 1272+ 82
CH,Cl," 1577+ 62

2 [Mn(MeCpXCO),L). This work.
® [Mn(CpXCO),L]. Refs. 6-8.

complex [Mn(CpXCO),] by several donors [6-8] (Table
5). As expected, Mn—-P(OR), bond dissociation en-
thalpies are considerably higher than the bond dissoci-
ation enthalpies between manganese and weaker donor
molecules such as THF, acetone, halo-alkanes, and
silanes.

Bond dissociation enthalpy differences D(M-CO)
— DIM-P(OR);] for other transition metals are also
not abundant [3]. Reaction-solution calorimetry results
of Hoff and coworkers [3,45,46] show that the solution
(THF) values of the mean bond dissociation enthalpy
differences between D(Mo-CO) in Mo(CO), [47*]
and D[Mo-P(OPh);] in the complexes Mo(CO),
[P(OPh),]; and cis-Mo(CO),[P(OPh),], are close to
zero (4 and 2 kJ mol ™!, respectively). They also found
that the replacement of a carbonyl group in
[Mo(CpXCO),H] by P(OMe); in THF is exothermic by
19.3 kJ mol~! [48]. This value suggests that the re-
placement of CO in [Mo(CpXCO),H] by P(OPh), will
be exothermic 6 kJ mol~! bearing in mind that the
experimental data for the differences D[Mo-P(OMe),]
— D[Mo-P(OPh),] are ca. 13 kJ mol ' [3,45,46,49].

A final comment is related to the application of
fibre optics in a photocalorimeter. In contrast to other
methods of irradiation, involving glass or quartz win-
dows, the fibres do not require substantial modification
of the base calorimetric set-up, which can therefore be
used for other purposes. However, optical fibres pro-
vide a rather small irradiation area, making the align-
ment of the optical bench more critical and affording
low photon fluxes. For these reasons, the conversions
are very low (107¢ mol h™! is a desirable rate, 10~7
mol h~! the minimum) and usually only relatively high
quantum yield (> 0.1) processes can be investigated.
This may be compensated for by the high sensitivity of
the microcalorimeter, but very careful manipulation is
then required to reduce other possible sources of error.
As mentioned above, the fibres can also interact with
the reaction medium and they must be protected if
necessary. Attack on the fibres is sometimes revealed

by slow exothermic effects and base line displacements
after irradiation. Finally, another advantage of fibre
optics over windows is that they decrease any energy
losses by reflection and transmission [12).

The use of high-sensitivity heat-conduction mi-
crocalorimeters is an advantage over isoperibolic
(quasi-adiabatic) calorimeters [12]). Reactions involving
optically dense compounds can be monitored for long
periods (more than one day) in very dilute samples
(>10"* M), avoiding side reactions and secondary
photolysis. However, optical densities should be kept
to ca. 1 or 1.5 to guarantee full absorption of light.
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