Inorg. Chem.2001,40, 3805-3809 3805

Heat Capacity of the Spin Crossover Complex [Fe(2-pig)Cl*MeOH: A Spin Crossover
Phenomenon with Weak Cooperativity in the Solid Staté
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Heat capacities of the spin crossover complex [Fe(2s}8t)MeOH (2-pic: 2-picolylamine or 2-amino-
methylpyridine) were measured with an adiabatic calorimeter between 12 and 355 K. A broad heat capacity
peak, starting from~80 K, culminating at~150 K, and terminating at250 K, was observed. The temperature
range of the heat capacity anomaly corresponds to that where the low-spin and high-spin states coeXi&in the
Mdssbauer spectra. The enthalpy and entropy changes arising from the heat capacity anomaly were 8:88 kJ mol
and 59.5 J K! mol™, respectively. The entropy gain was much larger than the contribution expected from the
change in the spin-manifol& In 5 (13.4 J K mol~%) whereR is the gas constant. The remaining entropy gain

is attributed to the contribution from the change in the internal vibrations. On the basis of the domain model, the
number of molecules per domain was found to be very close to unity, implying a very weak cooperativity in the
spin crossover occurring in the solid state of this complex.

Introduction proceeding via significant coupling between the electronic state

and the phonon system. They have proposed the domain model
spin (HS) and the low-spin (LS) crossover region have been for a better understanding of the spin crossover behavior. The

KNowWn to Show a temperature-induced Spin Crossover henom_model well accounts for the nature of the “cooperativity” of
enon. The characteﬁstics of this her;omenon ha\?e beenthe continuous type spin crossover phenomena in terms of the

' ; P : number of molecules per domain It is comprehensible that
understood by many experimental and theoretical approdches.

The spin crossover system most extensively investigated isthe larger the value i, the higher the cooperativity is, while
P Y . y gated 1S,q cooperativity in spin crossover phenomena becomes lower
octahedral ferrous (Mg complexes which undergo the spin

o 4 = as then approaches unity. According to the domain model,
transition between L_S RAg, S= 0) at low temperatures and was estimated to be 95 for [Fe(phgCS)] and 77 for
HS €Tz, S= 2) at high temperatures, whegestands for the [Fe(pheny(NCSe)]
spin quantum number. As widely recognized, the temperature- In th ¢ t.h dual t . |
induced spin crossover phenomena are classified into two n the case ot he gradual typ€ Spin Crossover COMpIexes,
groups; one is the so-called “abrupt type” in which the spin because_o_f the low cooperativity in spin crossover phenomeno_n,
state conversion between the LS and the HS states takes plac ey exhibit no sharp heat capacity peak as exemplified by ferric
within a narrow temperature range<<10 K) and often Fé'') spin crossover complexés? However, the spin crossover
accompanied by a hysteresis, while the other is the so-calledcomplex [Fe(2-picdCl,-EtOH, which seems to belong to the

“gradual type” in which the spin-state conversion takes place graduz_al type, exhibits well-resolved d_o_uble peaks in the heat
over a wider temperature range thal00 K. In the case of capacity arising from the phase transitions as well as a broad

the abrupt-type compounds, a sharp phase transition is observe%eat capacity hump extending over a wide temperature fige.

Complexes whose ligand fields are located near the high-

in heat capacity measurements at the temperature correspondin ince an orderdisorder transition concerning the ethgnol
to the abrupt spin transition. Sorai and Sekbserved, for the olvate molecule was found by the multi-temperature single-
first time, a sharp heat capacity peak in two spin transition type crystal X.' ray structure_ det_ermlnauéﬁihe cooperat!ve ngture
complexes, [Fe(phestNCS)] at 176.29 K and [Fe(phes) of the spin crossover in this compound was explained in terms
(NCSe)] at 231.26 K, where pher 1,10-phenanthroline, and
suggested the spin transitions are cooperative phenomena
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of strong coupling between the reorientational motions of (13.2628 mmol). A small amount of He gas was sealed in the
ethanol solvate molecule and the spin crossover. Evidence forcalorimeter cell to aid the heat transfer.

domains in the spin crossover phenomenon of [Fe(2]aty

EtOH has been found by means of EBRCalorimetric Results and Discussion

measurements so far made for the gradual type complexes
involving no reorientational disorder of solvate molecule or
counteranion are [Pgacpa)]PFs (Hacpa= N-(1-acetyl-2-
propylidene)(2-pyridylmethyl)amineand [Fé! (3-OEt-SalAPAY]-
ClO4+S (S= CgHsBr or 0-CgH4Cly), where 3-OEt-SalAPA is

the monoanion of the Schiff base condensate of 3-ethoxy-
salicylaldehyde anll-(3-aminopropyl)aziridiné:® These com-
plexes exhibited only a broad heat capacity hump over a wide
temperature range corresponding to the spin crossover phenom
enon. According to the domain model, the number of complexes
per domain was estimated to be= 5 for [F€' (acpa)]PFs,®
indicating that there remains some cooperativity in the spin
crossover phenomenon of this complex, although the cooper-
ativity is weak. In the case of [H&3-OEt-SalAPA)]CIO4 S

(S = CeHsBr or 0-CeHiCly), the broad heat capacity anomalies For determination of the excess heat capacities due to the

were well reproduced by the van’t Hoff equation, implying that . o )
the spin crossover in these complexes proceeds in an equilibriumSpln crossover phenomeno_n, itis necessary to estimate a normal
fashion between two-energy-level scheifle. heat capacity curve or lattice hegt capaciy. The normal
. . . heat capacity curve was determined by the same manner as
. .The. present iron(l1) comp!ex [Fe(2-pigflo-MeOH IS clas-_ . described previouslyThe normal heat capacity curves of the
sified into the gradual transition type because the spin transition LS stateCia(LS) and the HS stat€(HS) were independently

OCCUT'S OVer a wi_de temperature range frer00 to~250 K. determined by the effective frequency distribution methdeor
Close investigations by variable temperature X-ray Structure yetermination of th€i(LS), we used 4%, values in the 12
determinatioff’ and Mcssbauer measuremetitindicated that g4 i temperature range. On the other hand, for the estimate of

t_he S'ﬁ)'ir?‘ transititl)n ir_] this co;npound is_dessedntiallg noqcot(:lpefra- Cia(HS), 40C, values in the 250355 K and 10C, values in
tive. This complex is, therefore, considered to be sultable for 1,6 12 >3 K temperature range were used. These 10 low-

the elucidation of th_e intrinsic thermal properties characteristic temperatureC, values were considered to correspond to the

) . . Ovalues for the HS state. Without this treatment, the effective
calorimetric study has been ever performed for this complex, e ency distribution method brought about trivial results owing
we measured its heat capacities and identified the nonCooper+, e |ack of data over a wide temperature interval from 0 to
ativity of the spin crossover phenomenon. 250 K. The “best’Cia(LS) andCio(HS) curves determined by
the least-squares fitting are reproduced in Figure 1. The normal
heat capacity curve,;, was finally evaluated by the following

Compound Preparation. The sample was prepared by the method €duation
previously reportett with slight modifications.

[Fe(2-pic)]Cl,:2H,0. To a concentrated Fefree aqueous solution
of FeCh-4H,O was added 3 equiv of 2-aminomethylpyridine (2- . . . .
picolylamine). Dark red crystals formed after slow evaporation under ~ Here,fus is the HS fraction determined by the equation
nitrogen stream were filtered off, washed with 2-butoxyethanol and
acetone, and then dried under nitrogen stream. Anal. Calcd for fHS:; 2)
CigH2eNsO2FeCh: C, 44.37; H, 5.79; N, 17.24. Found: C, 44.47; H, AG)

The molar heat capacities under constant presstyeof
[Fe(2-pick]Cl,*MeOH at temperatures between 12 and 355 K
are plotted in Figure 1 and listed in Table 1. A broad heat
capacity anomaly, starting from80 K, culminating at~150
K, and terminating at~250 K, was observed. The starting
temperature just corresponds to that where the quadrupole-split
doublet due to the HS component appears irfthe Mssbauer
spectrum, and the terminating temperature corresponds to the
temperature where the LS component disappears frort/fee
Mdossbauer spectrum. The culminating temperature roughly
corresponds to the temperature at which the HS and the LS
fractions, as measured BjFe Massbauer spectrum, are equal.
Therefore, the heat capacity hump obviously arises from the
spin crossover phenomenon.

Experimental Section

Clat = fusCia(HS) + (1 — f19)Ciy (LS) (1)

5.81; N, 17.45. 1+ ex ﬁ

[Fe(2-pic)]Cl*H,O. The monohydrate was prepared by partial
dehydration of the dihydrate under helium stream atB0°C in a and
water bath until the dark red crystals completely turned into a yellow
powder. This compound easily absorbs moisture when it is exposed to AG — —0.0067132 — 5.969T + 1072 3)
air as evidenced by the immediate color change to red. Anal. Calcd R ' '
for CigH26NsOFeCh: C, 46.07; H, 5.58; N, 17.91. Found: C, 46.22;
H, 5.60; N, 17.95. whereT stands for temperatur® is the gas constant, amdlG
[Fe(2-pick]Cl*MeOH. The methanol-solvated compound was corresponds to the Gibbs energy difference between the HS and
prepared by recrystalization of the monohydrate from methanol under the LS states. Equations 2 and 3 were determined by the least-
nitrogen. The yellow crystals were filtered off and dried under nitrogen squares fit of the HS area fraction ®Fe Mossbauer spectra
stream. Anal. Calcd for GHxsNOFeChb: C, 47.23;H, 5.84;N, 17.39.  ys temperature taken from the previous repdifthe difference
Found: C, 46.98; H, 5.90; N, 17.31. between the observed and the normal heat capacities shown in
Heat Capacity Measurements.Heat capacity measurements be-  Figyre 2 corresponds to the excess heat capatiBy, due to
tween 13 and 355 K were made with a home-built adiabatic calorim- ;4 spin crossover phenomenon. The excess enthAlay,
eter!® The mass of sample used for the calorimetry was 6.40883 g and entropyAysS, arising from the spin crossover phenomenon
were determined by integration AiC, with respect tol and In

83 Eg{az“'BP-AE_-?S"t"rgﬁ;;V%" El- ﬁ”ﬁ?f%h%g]efgégg%z%?‘gzm T, respectively.lThe total enthalpy an(il entrolpy gains/ayg
(15) Sorai, M.; Ensling, J.; Hasselbach, K. M.i teh, P. Chem. Phys. = 8.88 kJ mof* and AysS = 59.5 J K'* mol™, respectively.
1977, 20, 197.

(16) Sorai, M.; Nishimori, A.; Nagano, Y. Unpublished results. (17) Sorai, M.; Seki, SJ. Phys. Soc. Jpri972 32, 382.



Spin Crossover Complex [Fe(2-pitgl,-MeOH

Table 1. Molar Heat Capacities of the Spin Crossover Complex
[Fe(2-pic}]Cl,:MeOH (Relative Molar Mass 483.22)

Co Co C
T (K1 T (@KL T @K1
(K) mol™?) (K) mol™Y) (K) mol™Y)

12.293 16.49 93.237 225.16 219.613 438.15
13.288 19.90 95.516 230.46 222.290 441.49
14.477 23.72 97.849 236.33 225.038 44472
15.686 27.53 100.236 242.43 227.775 447.92
16.918 31.38 102.572 248.77 230.500 451.09
18.154 35.24 104.861 255.66 233.210 454.58
19.397 39.11 107.105 262.78 235.911 458.16
20.645 43.23 109.502 271.11 238.599 462.04
21.967 47.56 112.045 280.92 241.276 465.74
23.336 52.02 114.533 291.51 243.941 468.88
24.685 56.52 116.966 302.99 246.595 472.91
26.090 61.10 119.346 315.35 249.238 476.67
27.585 65.84 121.674 328.48 251.870 480.19
29.152 70.91 123.950 342.98 254.492 484.28
30.683 75.59 126.451 360.27 257.103 488.00
31.411 77.98 129.164 380.90 259.702 491.71
33.066 83.13 131.895 402.01 262.291 495.66
34.890 88.69 134.558 421.01 264.870 499.48
36.557 93.45 136.408 432.78 267.438 503.63
38.098 98.19 137.564 439.69 269.997 507.04
39.537 102.28 138.711 44515 272.545 510.67
40.895 106.09 139.849 450.77 275.084 514.35
42.182 109.59 141.542 456.78 277.612 518.66
43.408 113.06 143.464 462.04 280.131 522.16
44.580 116.31 145.371 465.49 282.641 526.51
45.703 119.54 147.264 468.10 285.140 530.55
46.786 122.38 149.565 469.32 287.630 535.19
47.831 124.79 152.274 468.33 290.108 539.54
49.421 128.87 154.978 465.59 292.570 543.58
51.510 134.17 157.681 460.30 295.015 547.37
53.482 138.88 160.388 453.91 297.459 550.84
55.356 143.38 163.101 447.34 299.901 555.07
57.146 147.14 165.823 439.57 302.334 559.46
58.864 151.50 168.551 432.99 304.760 562.56
60.678 155.55 171.284 427.38 307.178 565.72
62.586 159.87 174.022 422.91 309.589 569.25
64.425 163.99 176.760 419.68 311.899 572.55
66.273 167.89 179.498 417.04 314.608 577.18
68.135 171.94 182.232 415.69 317.442 581.10
70.007 175.92 184.962 414.88 320.398 585.35
71.892 179.87 187.686 414.84 323.342 590.41
73.724 183.70 190.400 415.16 326.306 595.38
75.509 187.39 193.106 415.83 329.289 600.51
77.250 190.98 195.804 417.14 332.259 605.58
78.952 194.49 198.491 418.86 335.216 610.50
80.619 197.92 201.169 420.65 338.161 615.36
82.251 201.30 203.836 422.80 341.094 619.92
83.853  204.62  206.492  425.06 344.015 624.60
85.426 207.91 209.138 427.28 346.924 629.12
86.972 211.25 211.772 430.12 349.854 633.81
88.734 215.06 214.396 432.62 352.821 639.17
90.907 219.87 217.010 435.43 355.791 643.66

The entropy gain is much larger than the value expected for
the change in the spin manifold of a ferrous complexn 5
(13.4 J K! mol™1). From the previously reported crystal
structure determinatior$;1°it is clear that there is no disorder-
ing in the complex cation at the spin crossover transition. If
there is no orderdisorder transition also in the methanol solvate
molecules, the remaining entropy gain of 46.1°} knol~* can

be considered to arise from the change in the internal vibrations.
However, it should be remarked that this value is relatively large
in comparison with those previously reported for the vibrational
entropy change in the spin crossover phenomenon: 28.56 J K

(18) Greenaway, A. M.; Sinn, Bl. Am. Chem. S0d.978 100, 8080.
(19) Adler, P.; Wiehl, L.; Meissner, E.; Kder, C. P.; Spiering, H.; Glich,
P.J. Phys. Chem. Solids987, 48, 517.
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Figure 1. Plot of the molar heat capacity of [Fe(2-pi&}l.-MeOH vs
temperature. The dotted and dashed curves indicat€i{eS) and
the Cia(HS), respectively. The solid curve shows the estimated normal
heat capacityCix (see text).
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Figure 2. Excess heat capacity of [Fe(2-pij€}l.MeOH due to the

spin crossover phenomenon. The broken curve indicates the theoretical
values calculated by eq 11. The solid curve represents the least-squares
fitting to the observed\C, (see text).

mol~! for [Fe(acpa]PFs,® 28.24 J K1 mol~! for [Fe(2-pick]-
Cly*EtOH 10 and 35.40 J K! mol~! for [Fe(phen)(NCS)].*
Since [Fe(2-pig)Cl>*MeOH and [Fe(2-pig]Cl,-EtOH consist

of the same complex cation and Cl anions, and moreover, they
have very similar crystal structurésit is unclear why the
entropy gains should be so different. Because the previous
reports on the crystal structure determination of the title
compleX*18 have not stated whether the methanol solvate
molecule is disordered or not, one cannot exclude the possibility
that the excess entropy gain includes the contribution from the
disordering of the methanol solvate molecules.

Although there have been reported several theoretical ap-
proaches to the spin crossover phenomena, such as elastic
model®-2?|sing-like modek? and vibronic modet*2>we shall
discuss the present results in terms of the domain model
developed by Sorai and Sékiecause our main interest is to
elucidate the “cooperativity” of the present spin crossover

(20) Willenbacher, N.; Spiering, Hl. Phys. C: Solid State Phy$988
21, 1423.

(21) Spiering, H.; Willenbacher, Nl. Phys.: Condens. Matter989 1,
10089.

(22) Spiering, H.; Meissner, E.; Kpen, H.; Miler, E. W.; Gitlich, P.
Chem. Phys1994 68, 65.

(23) Lemercier, G.; Bouseksou, A.; Seigneuric, S.; Varret, F.; Tuchagues,
J.-P.Chem. Phys. Lettl994 226, 289.

(24) Zimmerman, R.; Koig, E.J. Phys. Chem. Solids977, 38, 779.

(25) Kambara, TJ. Chem. Phys1979 70, 4199.
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Ciat, especially forCi(HS), and (iii) different specimens used

1.0F
- . for the Méssbauer measurement and the present heat capacity
“% 0.8+ measurement. The relative HS fractifg was taken from the
§ area fractions from the HS species assuming equal kamb
g 0.6r Mossbauer factors for the HS and the LS isomers at a given
= I temperature. If they are different, the area fraction does not agree
‘Ua; 0.4r with the actual isomer fraction. To circumvent this problem, it
£, 5 is better to use thdéys derived from the effective magnetic
= 0. i moment by the following equation

OO 2o=f HSY + (1—f LSy 8

0 100 200 300 Hett = Fustter(HSY + (1 — fyguex(LS) (8)
T/K

Unfortunately, there are no available numerical magnetic data
Figure 3. Temperature dependence of the HS fraction of [Fe(2gpic) Y, 9

Cl,*MeOH 5 The broken curve indicates the least-squares fit based on suitable fc_)r this Calcu_latlon, although a _plo%tfbof magnetic
the domain model given by eq 4. The solid curve shows the high-spin MOMents is presented in the previous publicatioHowever,

fraction derived from the present calorimetric measurement (eq 7). @lmost equal recoilless fractions for both spin isomers have been
found for some ferrous spin crossover complexes, such as

phenomenon. According to the domain model, the HS fraction [Fe(bptn}(NCS)] (bptn = N,N'-bis(2-pyridylmethyl)-1,3-pro-

can be written as panediamine3® [Fe(2-pick]Cl,*EtOH 27 and Fe(trim)(PhCQ)-
(ClQg) (trim = 4'-(4-methylimidazole)-2(2"'-methylimid-
f 1 (4) azole)imidazole$? by comparing Mesbauer data and magnetic
HS nAHf1 1 susceptibility data. Therefore, it is very likely that the possibility
1+ex T(f - ?C) of (i) is low in the present complex. We shall consider next the

possibility of (ii). When we determine the lattice heat capacity

whereAyH is the total enthalpy change due to the heat capacity of the HS statdhia(HS), we used thé, data in the ranges of

anomaly andT. is the critical temperature defined as the T > 250 K and the 1223 K range as If they belonged to the

temperature at which both the LS and the HS fractions becomeHS state. At very low temperatures, this assumption would

0.5. In the present calorimetric measurement, we have obtainedscarcely affect the .reSUItS’ because the_d|fference between
the total enthalpy chang&yH = 8.88 kJ motL. The number Cia(LS) andCi(HS) is very small. In the higher temperature

of molecules per domainmcan be estimated by the least-squares region, however, if .the HS fragtlpn obeys eq 4, .the thermal

fit of eq 4 to the experimental HS fraction. Figure 3 shows the anomaly never terminates at a finite temperature, implying that
) s ' .+ the C, values do not coincide with the lattice heat capacity

least-squares fit of the temperature dependence of the high Cu(HS) in the 256-355 K temperature range. It should be

tshp;ncgﬁccgf’gﬁfggﬁﬂrgz\,n;gzgﬁggslgpﬁjr}résofgtt;?géd remarked here that the calorimetric definition given by eq 7 is
S valid for the first-order phase transition occurring isothermoally.

valuen = 1.12 is very close to unity. In the casemf= 1, eq : . )
4 is equivalent to the van't Hoff equation As a maiter of fact, purity determlnat!on by the fractlon_al
melting method for organic substances is made on the basis of

dinK A H the fraction estimated from eq 7. This assumes that the enthalpy
et (5) change between crystal and liquid is independent of the fraction
ar RT melted (in the present case, the HS fracfigg). However, when
o ) a change occurs over a wide temperature region as in the case
whereKeq stands for the equilibrium constant given by of the present gradual-type spin crossover, it is very likely that
the enthalpy increment, analogous to the partial molar enthalpy
K = fH_S _ fus (6) encountered in binary component systems, would be a function
4 flg 1—fys of how many of its neighbors are high spin or low spin. One of

the plausible reasons for the small discrepancy of the HS-
If this is the case, the temperature-induced spin crossoverfraction determined calorimetrically from the observed tem-

phenomenon completely obeys the Le Chatel@rown’s law, perature dependence (Figure 3) may be a disregard of such a
in which the cooperative effect is absent just like in the liquid weak cooperative coupling between the neighbors. Although
solution. both (ii) and (iii) cannot be excluded at the present stage, the

From the thermodynamic point of view, the HS fraction at a theoretical and experimental data seem to agree rather well with
given temperature can be derived from the following equation each other as far as we take into account the fact that the data
have been obtained for different samples on the basis of different

AH(T) methods.
fus = AH @) The excess heat capacity at a given temperature can also be
* evaluated thermodynamically by the differential of the enthalpy
as follows

whereAH(T) means the enthalpy gain at a temperafliréhe
HS fraction obtained calorimetrically is shown in Figure 3 by

the solid curve. The difference between the two sets ofithe AC(T) = dAH(T) 9)
is seen around-200 K. Thefys — T curve derived from eq 7 P ar

is steeper than that derived frdifire Mssbauer spectra. Some

reasons can be considered for this deviation, such as (i) differentwhere

recoilless fraction of’Fe nucleus between the HS isomer and

the LS isomer, (i) an overestimation of the lattice heat capacity, AH(T) = fyg x Ay H (10)
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Equations 4, 9, and 10 give the following equation: Table 2. Standard Thermodynamic Functions for
[Fe(2-pick]Cl,*MeOH at Rounded Temperatufes
nAH)(1 1 B B {HN(T) — {GH(T) —
2 expg———1I|=z— = T Com@ K™ §(MEK™ HL(O}/T HL(O}/T

AC N(AyH) R (T TC) n (K) mol) mol) (K lmoll) (JK imol?
o) RT nAyH) 1 1\ 2 (1) 5 (4.81) (2.935) (1.949) (0.986)
1+ex T(T - ?) 10 (11.82) (8.144) (4.927) (3.218)
¢ 15 25.37 15.222 9.258 5.963
20 41.10 24.663 15.238 9.425
To evaluate the theoreticAlC, curve, we adopted = 1.12, 4318 12212; g:géﬁ ii'islag ;g%gé
AysH = 8.88 kJ mot?, andT, = 153.2 K. The resultant curve 50 130.34 98.923 58.829 40.094
is shown in Figure 2 by the broken curve. The quantitative 60 154.03 124.813 72.743 52.070
agreement seems to be not so good, but eq 11 rather well 70 175.90 150.220 85.944 64.275
reproduces the asymmetrixC, curve although the and T, 80 ;ig-gg gg-%g 1?2-‘;’;2 gg-gg;
were determined mdependently of t_he present heat capacity 24183 293505 122 457 101.138
measurement. Here again, a plausible reason for the small 159 319.04 273.609 147.956 125.653
discrepancy seen inC, between the domain model (the broken 140 451.30 332.941 182.056 150.885
curve in Figure 2) and the observed temperature dependencel60 454.83 394.859 217.276 177.583
would be that the cooperative coupling interactions between ;gg ﬁg-;? igg-gég ggé-égg ggi-ggg
neighboring domains have been ignored in the present domain 220 438.64 530.493 974104 956,389
model. 240 463.98 569.709 288.829 280.880
On the other hand, if eq 11 is independently fitted to the 260 492.16 607.936 303.369 304.567
experimentalAC, with two adjustable parametensand T by 280 521.97 645.502 317.921 327.582
the least-squares fit, one obtains= 1.50 andT. = 150.8 K. 300 555.25 682.728 332.710 350.018
The values of these two parameters are very close=tol.12 24218 ng';g ;égg%g gg;'igg ggéigi

and T, = 153.5 K determined on the basis of the'88bauer ' ' ' '
measuremeri€ The solid curve shown in Figure 2 indicates 298-15 ~ 552.04 679.304 331.338 347.966

this least-squares fit. Although there exists a slight discrepancy ®The values in parenthses were estimated by the effective frequency
between the two curves evaluated from different methods, they distribution method’
provide us with the same conclusion that the number of com- crossover phenomenofi,(~ 219.5 K), and concluded that the
plexes per domain is substantially unity, and thus, the cooper-two types of molecules with different spin states exist as a solid-
ativity in the present complex is extremely weak or absent.  solution in the same lattice. They have suggested that the
Concluding Remarks. The present heat capacity measure- enthalpy change associated with the spin transition of [Fe{bts)
ments have confirmed that the spin crossover phenomenon in(NCS))] is rather small. However, for the present complex the
[Fe(2-pick]Cl:MeOH is essentially noncooperative and that the Ay H and A4S values are as large as those for the abrupt
two types of molecules with different spin states are in an transition type complexes, for examphg,sH = 8.60 kJ mot?
equilibrium state, i.e., a solid-solution is formed by the LS and and AysS = 48.78 J K1 mol~! for [Fe(phen)(NCS)].# This
the HS species. Such a solid-solution state is consistent withfact means that the noncooperative spin crossover phenomenon
previously reported multi-temperature single-crystal X-ray also involves enthalpy and entropy changes comparable with
structural determination, where two fractional types of mol- those of the cooperative spin crossover phenomenon, although
ecules have been taken into account at a given latticé“site. there still remains a possibility of the entropy contribution from
Kulshreshtha et &8 have also observed no well-defined peak order-disorder of the methanol solvate molecules. The standard
in the DSC thermograms of [Fe(bf)CS)] (bts = 2,2-bi-5- thermodynamic quantities of [Fe(2-pitfl,*MeOH have been
methyl-2-thiazoline), which shows a gradual type of spin determined and are tabulated in Table 2.
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