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The thermal rrans-to-& isomerization of [CrBr,pn,]Br- Hz0 in a solid phase 

was studied by means of both derivatography and isothermal measurement. It was 

found that rrans-[CrBr,pn,]Br-H,O undergoes isomerization to the c&complex by 

about 10% with complete dehydration followed by isomerization of the residual 

zrans complex in the anhydrous state. It was characteristic of the complex, zrmrs- 
[CrBr,pnJBr-H,O, that the thermal dehydration was remarkably rapid in com- 

parison with that of the rrmrs-fCoCl,pnJ(H,O,)Ci, and the isomerization of the cis 

complex occurred even in the anhydrous state though it did not in the corresponding 

cobaIt(II1) complex zrans-[CoBr,pn,] (H502 jBr2 in an analogous state. 

lXlRODLJCI’lOX 

In a previous paper I, the isomerization of the zraz_r-[CoBr,pn,J(H,0,)Br2 to 

the cis complex was studied and compared with that of rrans-]CoCI,pn,](I-I,0,)C12. 

In the former complex, the rate of rra-to-& isomerization was greater than that of 
dehydration and dehydrobromination in an earlier thermal reaction step different 

from the case of the latter complex 2_ However, in the later step, the isomerization of 

the former complex was inferior to that of the latter complex in an inverse rate until it 
gave a certain constant isomerization ratio. In addition, after dehydration and 

dehydrobromination were completed, no further isomerization proceeded in the 

former compIex, differing from the latter complex which isomer&d even in the 
anhydrous state- As mentioned above, a slight variation of Iigand materials involved 

in coordination sphere and of counter ions without change cf the framework of the 

starting complexes gives, in general, a dehcately different feature for their thermo- 

chemical reactions ‘-‘. 

Inferring to the above results, when the central cobalt(II1) ion is replaced by 

chromium(II1) ion, some differences should ako be observed in the thermochemical 
change. The present study deals with the zrans-to-& isomerization of [CrBr,pn,]- 

Br-H,O and the comparison of its reaction features with that of [CoBr,pnJ(H,O,)- 

Br, _ 
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Preporation of complexes 

trans-[CrBr2pnz]Br - Hz O_ When 24 g of anhydrous 1,3_propanediamine were 

added d;op by drop to 26 g of chromium(II1) chloride hesahydrate with grinding in 

a mortar, the mixture gave violet product under esotherm. By heating it in an 

air-bath at 14O’C for 4 h while crushing the agBegates, dry yeliow lumps containing 

tris-propyIenediaminechromium~I1) chloride as a main product were obtained. 
After the Iumps were dissolved into 200 ml of water and filtered, the fihrate to which 
30 ml of concentrated hydrobromic acid were added with stirring was kept in a 
refrigerator_ The precipitate produced was filtered, washed with ethanol and air-dried_ 

By recrystallizing in an ethanol-water mixture, the purified tris-propyIenediamine- 

chromium(II1) bromide was obtained_ 

The mixture obtained by grinding 4.6 g of the above compIex together with 
6.5 g of mercury bromide in a mortar was heated under reduced pressure for 2 h in 

an egg-plant shaped ffask dipped in an oil-bath at 21O’C. The product formed was 

washed with 0.6 N hydrobromic acid unti1 the washing soIution became green and 
then it was air-dried_ Four grams of trans-[CrBr,pnJBr- HgBr, were obtained by the 

above procedure. When this complex was suspended in 20 ml of cold water and 
hydrogen sulfide was passed through the solution while cooling with cold water, 

mercury suhide was precipitated_ After this black precipitate was sedimented by 

centrifugation, the supematant solution was saturated with hydrogen bromide while 

cooling with cold water or an equal voIume of concentrated hydrobromic acid was 

added to the solution, and the resulting solution was evaporated under reduced 

pressure at 40 ‘C_ Green crystals formed were filtered, washed with acetone and dried. 
At recrystahization with ethanoi, green scaIe-like crystals were obtained as the 

desired product. Anal. Found: C, 16.04; H, 5.03; N, 12.02%_ Calc. for [CrBr2pnJ- 

Br-HzO; C, 15.73; H, 4.48; N, 12.23%. 
cis-fCrBr2pn,JBr and cis-[CrBrzpnz]CZO,. When 4.5 g of anhydrous 1,3- 

propanediamine were added drop by drop to I2 g of chromium(IIl) bromide hexa- 

hydrate whiIe grinding the latter in a mortar, the mixture became bluish violet and 
then turned to the vioiet lumps by heating in an air-bath at 19OT for 10 h. By 
dissolving the lumps into 300 ml of acetone in a dark place, and adding 200 ml of 

ether to the solution, vioIet powdered crystals separated. These crystals were fiitered, 

washed with ether and dried at 50°C under reduced pressure. When they were 

dissolved in boiIing nitromethane and were kept in a refrigerator, cis-[CrBr,pn,]Br 

was obtained as vioIet needle crystals. When this bromide was dissolved in 2N 

perchioric acid at room temperature and, after the undissolved residue was filtered 

off? the filtrate was cooled, cir-[CrBr,pnJCIO, was obtained as vioIet needle crystais. 

Al;aZ. Found: C, 15.40; H, 4.89; N, 10.20%. CaIc. for [CrBr,pn,JCIO,: C, 15.67; 

H, 4.39; N, 12.27%. 



415 

Derinazographic rne~~~rerne~zs 

The derivatogram for the complex, zrans-[CrBr,pndBr- H,O was obtained 

with a MOM Type-OD-IG2 derivatograph. 0.5 g of sample was used in each run 
under a constant flow of nitrogen with a heating rate of 2°C min-‘. The enthalpy 

change was estimated from the DTA peak area. 

Isothermal measwemenfs 

The rate of dehydration of trans-[CrBr,pn,fBr- Hz0 was measured at 122,127, 

138 and 146°C with a Sbimadzu TM-IA tbermobalance- 
The rate of isomerization was obtained by measuring the absorbancy of the 

samples heated at various time intervals in an Ikemoto Rika Ko,~o air-bath at 16G, 

170, 180, 190 and 2GG”C, respectively. 50 - 60 mg of sampIe were taken out from the 

air-bath in each run. The isomerization ratio was calculated by the following 

equations: 

6.1x+83.6y = DssO 

26.4x+29.1 y = II,,,, 

where x and y are the molar concentrations of lrans and cti complexes contained in 

the sample, respectively, after heating it for some time, and D,,, and lIdGO are the 
molar extinction coefficients of the sample measured at 530 nm and 460 nm, respes- 
tively. 6.1 and 26.4 are those of the trans complex and 83.6 and 29.1 are those of the 

corresponding cis complex at 530 nm and 46G nm, respectiveIy. The eIectronic spectra 

of the zrans and cis complexes which give basic data for the above calculation are 

shou-n in Fig. I _ The isomerization ratio is given by y/(x+ y). 

Fig. I. Electronic spectra of f;nnr-[CrBr,pnJBr- I-i20 ( -) and the corresponding cis complex 
--- ( )- 
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RESULTS AND DISCUSSION 

Ddcatography 

The derivatogram of trans_ICrBr2pn2]Br- Hz0 is shown in Fig. 2, together 
with that of the corresponding cobalt(III) complex, trmrr-fCoBr,pnJ(H,02)Br,, for 

comparison. The feature of the DTA curves of these two compIexes due to dehydra- 

tion and dehydrobromination (the latter cannot be taken into account in the case of 
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20 

Fig. 2. DtriMtograms of rrum-[CrBrzpnJBr-Hz0 ( -) and rruns_(CoBrZpnr](HZO~)Brr 
(- - -)_ 

the chromium(III) complex) is similar. The values of the enthaipy change, however, 

were quite different from each other in t-he two complexes: the value for dehydration 

of Irans_ECrBr,pnJBr- Hz0 was calculated from the DTA endothermic peak to be 

3.0 kcal mol’ ‘, whereas the corresponding value of rr~~CoBr,pnJ(H,O&Br, 

was calculated to be 37-3 kcal mol- I, which is larger than the former value due to 
dehydrobromination. And the peak temperature of dehydration and dehydro- 

bromination is 145°C in the cobalt0 complex, whiIe that of dehydration is 225°C 

in the chromium(III) complex. It shows that this chromium(II1) complex can be more 

difhcult to be dehydrated than the corresponding cobalt (III) compIex. 
Another more distinct difference in these two DTA curves is seen in the 

anhydrous state: in the cobalt(III) complex, no appreciable DTA peak could be 

observed, whereas in the chromium(III) complex, a distinct exothermic peak appeared 
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at 220 - 235°C due to isomerization followed by the larger exothermic peak due to 
decomposition. it suggests that the chromium(II1) complex [CrBr,pn,]Br isomerized, 
but the cobalt(III) complex [CoBr,pnJBr did not in the anhydrous s+&te. 

Rate of dehydration 

If the rate of dehydration 
given by the folIowing equation, 

2.303 log A = k,t : 
a-x 

at each temperature obeys the first order law, it is 

(I) 

where a and x are the initial amount of the starting complex and the amount of 
anhydrous complex formed during time t, respectively, and kd is the rate constant of 
dehydration. 

When the values of log a/(a-x) versus I were plotted at each temperature 
designated in the Experimental section, approximately straight lines were obtained, 
which are shown in Fig. 3. The rate constants kd at each temperature were obtained 

(mid 

Fig. 3. Relation of logu/(u-x) vs. time for the dehydration. 0. 122”C, 0, 127°C. C, 138°C; 
1. 146’C 

from the slope of the respective lines. Their values are listed in Table 1, together with 
those of isomerization obtained in the later section of this paper and the cor- 
responding data for zrans_ZCoCl,pnJ(H,O,)CI,* and zrrms_ECoBr,pnd (HsOdBr, ’ 
already reported. From the Arrhenius plots for the rate constanf the activation 
energy c was evaluated to be 23 kcal mol- ’ _ 

Rafe of isomerization 

The isomerization ratio of zrmrs-[CrBr,pnJBr- Hz0 was determined by 
measuring the change of the absorbancy for the sample after it is heated in the 
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TABLE 1 

RATE COh’STArU1s OF DEHYDRATION AND 
DEHYDROHALOGENATION, kd, AND ISOMERIZATION, k, 

~~=-C~C~PQWI~O~)C~, 

2 cc) 110 130 IS0 I70 

kd x 10’ xc-= 2.6 5.2 16 24 
klx X04sec-’ 0.44 1.8 7.3 24 

9 

F&x 104!5ec-’ 0.28 0.38 J-7 5.5 
&lx 1O~slx-’ 0.36 0.60 2.5 40 

r~~tr.sjCrBr2pn,]Br- Hz0 

r (‘c) I22 i2i 138 146 I60 170 180 190 -W 

kax IO*sec-= 7.3 8.8 23 35 
k,xfOssec-’ 0.31 1.4 2.9 8.8 23 

*c 
0 200 

bin) 

Fig. 4. Reiation of iogtz&z-x) vs. time for the isomerization. 0. 160°C; 0, 170°C; D, 180°C; 
I, 190°C; A, 200°C. 
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air-bath at each constant temperature for various time intervals on the basis of the 
absorbancies of the starting complex, Zrans-fCrBr,pn2]Br- H,O, and the completely 
isomerized complex, cis-[CrBr,pn,]Br, shown in Fig. I. If the rate of isomerization 
obtained from the change of isomerization ratio also obeys the first order law, it 
should be expressed by the foiiowing equation anaIogous to eqn (I), 

2.303 log = - = k,t, 
(I-X 

(2) 

where Q and x are the initial amount of the starting compIex, rrans-[CrBr,pn,]- 
Br- H,O, and the amount of cis complex produced during f, and ki is the rate constant 
of isomer&&on_ 

When the values of log ~/(a-X) versus f were pIotted at each temperature, the 
approximately straight lines were obtained in a simiIar manner to that in the case of 
dehydration, which are shown in Fig. 4. These extrapolated lines are found, however, 

not to pass through an o@n, but they a!1 pass through the point indicating about 
10% of isomerization ratio in the abscissa at time zero except that at 20%. This shows 
that about 10% of isomerization is completed within fairly short time via a different 
mechanism contributed by dehydration from that of isomerization in the anhydrous 
state; on the other hand, the dehydration at I3O’C and at 140°C was found to be 
finished within 50 min and 16 min, respectively, and the hydration at 16O’C was 
a!most instantly finished. From these results, it was concIuded that dehydration is 
very rapid in comparison with isomerization, and therefore, a greater part of 

isomerization occurs in the anhydrous state. 
The rate constants obtained from Fig. 4 and eqn (2) are listed in Table 1. From 

the Arrhenius plots of the rate constant, the activation enerw, Ei, was calculated to 
be 43 kcal mol- ‘_ 

When the correlation between isomerization and dehydratior. in tram- 
[CrBrzpn,]Br - HZ0 and compared with those in rrans_tCoBrzpn;] ;H50,)Br, and in 

the corresponding complex trms-[CoCl,pn,] (H50Z)C12, referring to the summarized 
data coIIected in Table I, the folIowing information can be deduced. 

(I) In frans-[CoClzpnz](HS02)C1,, the rate of dehydration is always larger 

than that of isomerization and, therefore, the dehydration accompanies a partial 
isomerization, and the isomerization of the residual zrans complex in the anhydrous 
state proceeds at a higher temperature range via a different mechanism from that 
of the hydrated form. 

(2) In rrarzs-[CoBr,pnJ(H,O,)Br,, the isomerization is more rapid than the 

dehydration in the earIier thermal step, but it becomes slower in the Iater step until 
the rate of dehydration exceeds that of isomerization which remains almost constant. 
And, therefore, the isomerization occurs only simultaneously with the dehydration, 
but it does not proceed further in the anhydrous state. 

(3) In trans-[CrBr,pn,]Br- H,O, however, the dehydration is sufficiently rapid 

to be completed before the isomerization proceeds by about IO%, and, therefore, a 
greater part of isomerization occurs in the anhydrous state. This is a striking charac- 
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teristic of this compIex different from the former two complexes, zrmrs-[CoCl,pn,& 

(Ii,O~G, and zrrms_ICoBr,pnJ (HS02)Br2. 

~ermochemid reaction scheme 

On the basis of the experimental results described above, the thermochemical 

reaction scheme for the path-way of the Iruns-to-& isomerization of [CrBr,pnJ- 

Br- Hz0 can he expressed by the following: 

rrrms-[CrBr,pnJBr - Hz0 

By comparing this scheme with those for rrmrr-[CoCl,pnt](H,O,)Cl, and 
zrmrr_k3oBr+pnJ(&O,)Br, depicted in the previous paper’, the information about 

the correIations between isomerization and dehydration enumerated above will be 

weI1 understood_ 
In addition, the activation energies of dehydration and isomerization of zrans- 

[Co%pnJ CHA)Br~ were the same vaIue of 28 kcal moi”, whereas those of 

zrmrs_CCrBr,pnJBr- H,O were 23 kc-al mol- * and 43 kcal moI- ‘, respectiveiy. The 
Iast, reIativeIy larger value than the former two, suggests that the isomerization of the 

latter complex proceeds by a di,Terent mechanism from “aquation-anation” which 

may be considered in the isomerization of the hydrated compIexes2-q e.g., twisting_ 
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