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cobalt than does glycine, but a higher affinity for
hydrogen ion. No obvious explanation exists for
these observations.

Acknowledgment,—The authors wish to express

ReactioNs oF CoBALT(III) COMPLEXES: STEREOCHEMICAL CHANGES

819

their appreciation to Dr. F. H. Westheimer for
helpful discussion of the calculations involving the
Kirkwood-Westheimer theory.

Iowa Crty, Iowa

[CONTRIBUTION FROM THE CHEMISTRY LABORATORIES OF NORTHWESTERN UNIVERSITY ]

Mechanism of Substitution Reactions in Complex Iomns.

II. Stereochemical Changes

scompanying Some Reactions of Cobalt(III) Complexes'?

By Frep BasoLo, Bos D. StoNg?** AND RaLPH G. PEARSON
RECEIVED APRIL 23, 1952

The reactions of several geometric isomers of cobalt(III) complexes with various reagents have been studied. A semi-
quantitative estimate of the relative amounts of ¢¢s and ¢rans isomers produced n situ was made by means of a spectrophoto-

. metric determination.
reaction mechanisms,
substitution reactions.

The mechanisms whereby ligands attached
covalently to the central metallic ion in hexacova-
lent complexes are removed and replaced by other
groups is of considerable interest. Although this
problem has received considerable attention,® little
cant be said as to how these substitution reactions
actually proceed. One plausible approach toward
obtaining useful data in this connection is that
utilized as early as 1912 by Werner.® He investi-
gated the reactions of the geometric isomers of
several complexes of cobalt(III) with various
reagents and qualitatively estimated the ratios of
the isomeric products isolated from these reactions.
Unfortunately, Werner was unable to correlate his
findings with any reaction mechanism(s) and con-
cluded that there was no relationship between the
position occupied by the incoming group and that
of the outgoing group.

Since rearrangements of cobalt(III) complexes
could occur during isolation, it can be argued that
Werner’s observations need not be a true measure
of the immediate products of reaction. Because of
this, it was decided that some of these reactions
should be reinvestigated using milder reaction
conditions and some technique which will allow an
estimate of the ratios of geometric isomers as they
are produced. Since geometric isomers of cobalt
(IIT) complex ions usually have different absorption
spectra,” a spectrophotometric technique was
applied to get a semi-quantitative estimate of the
relative amounts of ¢is and frans isomers obtained
as products of reaction. In addition, several reac-
tions were investigated which had not been in-
cluded in Werner’s study.

Experimental

Spectral Measurements.—All measurements were made at
room temperature with a Beckman model DU spectro-

(1) Paper I of this series: F. Basolo, J. G. Bergmann and R. G,
Pearson, J. Phys. Chem., 86, 22 (1952).

(2) Presented at the New York Meeting of the American Chemical
Society, September, 1951.

(3) Atomic Energy Commission Pre-doctoral Fellow, 1950-1952.

(4) Taken in part from a thesis submitted by Bob D. Stone in partial
fulfillment of the requirements for the Ph.D, degree, 1952,

(5) For a review see, J. C. Bailar, Jr., Chem. Revs., 19, 67 (1936).

(6) A. Werner, Ann., 386, 1 (1912).

(7) Y. Shibata, J. Coll. Sci. Imp. Univ, Tokyo, 37 (1915); F. Basolo,
THIS JourNAL, 72, 4393 (1950); VY. Shimura, #bid., 78, 5079 (1951).

A discussion is given showing various structural changes to be expected on the basis of four different
However, the results of this study show clearly that no one of these mechanisms is operative in all

photometer in silica cells having a 1-cm., light path. Molecu-
lar extinction coefficients were calculated from the familiar
equation

e = 1/cd logye (I/I)

Compounds.—The compounds used were prepared by
the procedures described in the literature and purified either
by recrystallization or reprecipitation by the addition of
ethanol-ether to a concentrated aqueous solution of the
salt.? Although the compounds showed the correct analysis,
there was no assurance that any of them consisted of a
single isomeric form. However, many of these isomers
are separated by differences in solubility, and considerable
care was taken to discard intermediate fractions, retaining
only the least and most soluble fractions.

Procedure.—Solutions of the c¢7s and irans isomers were
prepared using as solvent a stock solution containing the
desired reagent. After reaction took place, the absorption
spectra of the reaction mixtures between 300 and 600 my
were determined by comparison with blanks of the same
stock solution. For example, to study the reaction of
chloroamminebis-(ethylenediamine )-cobalt(III) ions with so-
dium hydroxide

[CoensNH;Cl]t: + OH™ —> [Coen;NH;OH |+, + CI™

the chloroammine complexes were dissolved in a 0.5 M
solution of sodium hydroxide and the spectra of the
reaction products were determined by comparison with
the sodium hydroxide solution. In addition, the absorp-
tion spectra of the cis- and frans-hydroxoamminebis-(eth-
ylenediamine)-cobalt(III) ions which were used as stand-
ards, were determined by the same procedure in the
same stock solution. The standards used were actually
the c¢is- and frams-aquamminebis-(ethylenediamine)-cobalt
(III) ions which in alkali react to yield hydroxo complexes

[COGHgNHgHzO]+3 + OH~ —> [Coen;NH;OH]*? 4+ H,0

and it is assumed that this proton transfer does not alter
the configuration of these complexes.

The absorption spectra shown in Fig. 1 may serve to
illustrate the method employed to estimate the relative
amounts of cis and ¢trans isomers present in a given reaction
mixture.? For example, the maximum difference in the
spectra of c¢is- and (frems-hydroxoamminebis-(ethylenedi-
amine)-cobalt(III) jons is at 370 mu. At this wave length
the molecular extinction coefficient of the cis standard is
77 as compared to 53 for the frans complex. Since the
extinction coefficient of the reaction mixture of the cis-
chloroainmine complex is also 77, it is concluded that the
product is 1009, c¢is-[Coen,NH;OH] *2. The extinction
coefficient of the reaction mixture of the frans-chloroammine

(8) Gmelin, “Handbuch der anorganischen Chemie,”” No. 58B
(Kobaltammine) Berlin, 1930.

(9) The detailed absorption spectra which were used to determine
the relative amounts of ¢is and frans isomers reported in Table I are
available in the doctorate thesis of Bob D. Stone.
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complex is 72 at 370 mu. Substitution in the expression

€reaction mixture ~~ €lrans standard

€cis standard ~~ €lrans standard

100 = % cis in the reaction mixture

%ive]sﬂﬂ)% cis- and consequently 219, trans-{Coen,NH;-
H}*1,

100

80

60

40

20

320 . 350 380 410 440
Mu.

Fig. 1.—Absorption spectra of reaction products of cis-
and trans-[CoensNH;Cl] *? with hydroxide ion in 0.5 M
NaOH: , c15- [CoenaNH;C1] *2 (0.0063 M), ----, trans-
[Coen:NH;C1]*2 (0.0073 M). Absorption spectra of stand-
ards in 0.5 M NaOH: .., ¢is-[CoensNH;H,0] 3 (0.0053
M); ———, frans-[Coen,NH;H,0]+3 (0.0047 M).

470 500 530 360

In every case the absorption of the reaction mixture was
checked at various times to make certain that a steady state
had been reached. The time required for the reactions to
reach equilibrium varied considerably. The reactions
with hydroxide ion were virtually instantaneous whereas
aquation of the chloroammine and chlorothiocyanato com-
plexes was not complete even after five days at 65°. Under
these same conditions the c¢is- and trams-aquoammine and
aquothiocyanatobis-(ethylenediamine)-cobalt(IIT)  stand-
ards rearranged to mixtures which consist of primarily the
cis isomers (Fig. 2). However, these aquo standards re-
mained unchanged in alkali for at least five hours, which
means that little or no rearrangement had taken place under
the conditions of hydrolysis. Reaction mixtures of aqua-
tion in the presence of silver ion were allowed to stand over-
night as were also the reaction mixtures with nitrite and
thiocyanate ions.

180
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Fig. 2.—Absorption spectra of cis- and trans- [Coenx(H20)-
NCS]*2 in 0.5 M HClOy: ——, ¢is (0.0019 M solution

allowed to stand two days at 65° had the same spectrum);
--=-, trans (0.0027 M spectrum determined iminediately);
...., trans (same solution after standing one day at 65°);
~— —— trans (same solution after standing two days at 65°).

The molar concentrations of the solutions of the com-
plexes were between 1 X 1072 and 1 X 1075, depending
upon the absorption characteristics of the compound and
the wave length at which the measurement was taken.
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The aguation reactions were carried out in 0.5 M aqueous
perchloric acid while 0.5 M sodium hydroxide was used for
the hydrolysis reactions. An aqueous solution which was
0.5 M in perchloric acid and 0.25 M in silver perchlorate
was used for the aquation in presence of silver ion. The
reactions with nitrite ion and thiocyanate ion were run in
methanol-water mixtures (95% methanol by volume) with
concentrations of 0.35 M sodium nitrite and 0.35 M potas-
sium thiocyanate, respectively. The reaction of [Coens-
NO,Cl] * with nitrite ion was also run in water and in
water-dioxane solvent. The same results were found in
all three solvent mixtures.

Since a salt of the c¢is-aquonitrobis-(ethylenediamine)-
cobalt(III) complex has not been isolated, the spectrum
used here as a standard was an aqueous solution of the
aquation product of ¢is chloronitrobis-(ethylenediamine)-
cobalt(III) chloride. That this product is largely the
cis-aquonitro isomer, is shown by its optical activity.!?

The accuracy of our measurements is reliable to only
+159%, in some cases; the lack of greater accuracy is largely
due to the slight differences in the absorption spectra of the

TABLE [

STEREOCHEMICAL CHANGES DURING SUBSTITUTION REAC-
TIONS OF SOME CoBALT(III) CoMpLEX IONS

Reactant Spectra
cis trans Reagent Product % cis D trans
A, [CoensNH;Cl]+2
+ NaOH [CoensNH3;0H | +2 100 L8
+ NaOH [CoensNH;OH] +2 80 200
+ AgCl0: + HCIOs [CoensNH;H:0] +2 75 25
+ AgClOs + HCIOs  [Coen:NH;3H:0]+3 20 80
+ NaNO: [CoensNH;NOQ:] *2 80 20
4+ NaNO: [CoensNH3;NO.] 72 35 65
+ KCNS [CoensNH;NCS]+2 30 70
+ KCNS [CoensNH;NCS| 2 90 10
B. {[CoengNO,Cl]+1
+ NaOH [Coen:NO:OH] *? 100 ce.
+ NaOH [Coen:NO,OH] *! 50 50
+ H:0 + HCIO04 [CoensNO:H:0] +? 100 LLE
+ H:0 + HCIOs [CoensNO:H:0]+2 Ca. 100
+ AgClOs + HCIOs  [Coen:NO:N:0]+2 100 S
+ AgClOs + HCI0s [Coen:NOgH:0] *2 o 100
+ NaNO; [Coens(NOy)e] +1 100 o
+ NaNO; [Coena(NQ2)s] 71 . 100
+ KCNS [Coen:NO;NCS]*! Largely e
+ KCNS [Coen:NO;NCS]+1 Largely
C. [Coen;NCSCl1]*!
+ NaOH [Coen:(OH)s] 71 85 15
NaOH [Coeny(OH)] *t 80 20
+ NaOH; HC104 [Coen:NCSH:0] +2 90 10
NaOH; HC10s [Coen:NCSH:0] +2 90 10
+ NaNO: [Coenz(NOs)s] 1 N 100
NaNO: [Coens(NOg)z] +1 Lo 100
D. [Coen:Cly]*!
NaOH [Coenz(OH)2] *1 40 60/
NaOH [Coenz(OH):} +1 60 409
NaNO. [{Coenz(NO2)2] 1t 50 50
NaNO: [Coens(NOy)s] 1 50 50
KCNS [Coen:NCSecl] *+! 90 10
+ KCNS [CoensNC8el ] *! 15 85"
E. {COGH}NH3H20] +8
NaNO: [CoensNHzNQ:] +2 80 L’U”_
NaNGQO: [Coen:NH3NO;] 72 35 657
KCN$ [CoensNHiNCS]+2 40 60%
KCNS [CoensNH;NCS]+2 40 60?
F. {COGHzNOszO ] +2
-+ NaNO: [Coens(NOg)s} 1 100 L™
+ NaNO: [Coens(NOQg)s] 1 R 100™
+ KCNS [Coenz:NO:NCS]*? 100 L2
+ KCNS [CoensNO;NCS]+1 1007

Werner’s results®$t3 obtained primarily by the iselation
of reaction products are: ¢ 80% cis and 209, trans; * 50%
cis and 509, trans; ©¢ and ¢ largely cis; 7 largely frans;
¢ largely cis; * 35% cis and 65% trans; 7P largely reten-
tion of configuration.

(10) A. Werner, Ber., 44, 3273, 3276 (1911),
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cis and ¢rans isomers of some of the compounds. In addi-
tion, the reaction of [CoenaNQ,Cl] *! with thiocyanate ion
did not proceed to completion and here only a qualitative
estimate (Table I) could be made based on the wave lengths
at which the absorption maxima occurred.

Results.—The data are summarized in Table I.

Discussion

The mechanisms of substitution reactions in car-
bon compounds are postulated to be primarily of
two types, the familiar Sn1 and SN2 reaction
paths.!! First-order kinetics and racemization are
characteristic of reactions which proceed by the
SN1 mechanism, while second-order kinetics and
stereochemical specificity are associated with the
SN2 process. The kinetics of a number of reac-
tions of complex ions have been investigated.!?
Most of these have been found to be second order,
but aquation reactions are said to be pseudo-first
order, Unfortunately, in none of these cases can
the second-order kinetics be taken as proof of a
bimolecular process!® so it is not known whether
these reactions proceed by a displacement (SN2) or
dissociation (SN1) mechanism. Likewise, although
there are many examples of substitution reactions of
complex ions in which there is no appreciable race-
mization,!* this is not necessarily indicative of a
displacement mechanism. It will become apparent
from the discussion which follows that in dealing
with the octahedral configuration one need not ex-
pect an SN1 mechanism to be accompanied by
racemization as is the case with the tetrahedral
configuration.

Dissociation (Sx1) Mechanism.—The stereo-
chemical changes which may be expected to ac-
company substitution reactions of certain complex
ions have been considered with the aid of molecular
models and the conclusions reached for a dissocia-
tion process are summarized in Table II. Two
seemingly plausible assumptions have been made
in this approach. One is that intermediate struc-
tures of the planar and pentagonal pyramid typel
need not be considered as these structures cannot be
achieved without excessive rearrangement. The
second assumption is that the incoming group
enters the activation complex at the most accessible
position(s). For the tetragonal pyramid inter-
mediate this position appears to be the one per-
pendicular to the tetragonal plane while for the
trigonal bipyramid structure there are three open
positions at the three angles of 120°. On the basis
of these assumptions it appears that if the penta-
covalent intermediate is a tetragonal pyramid, the
configuration of the product should be the same as
that of the reactant. However, if the intermediate
is a trigonal bipyramid then the product is expected
to be a mixture of ¢ts and trans isomers. In this

case the three positions of attack designated in .

{11) See, for example, A, E. Remick, ““Electronic Interpretations of
Organic Chemistry,” John Wiley and Sons, Inc.,, New Vork, N. V.,
1943, p. 113.

(12) A.B.Lamb and J. W. Marden, THis JoURNAL, 88, 1873 (1911);
G. N. Bronsted and R. Livingston, ¢bid., 48, 435 (1927); B. Adell,
Z., anorg. allgem. Chem., 249, 251 (1042).

(13) *F. Basolo, Chem. Revs., 81, in press (1953).

(14) A. Werner, Ber., 46, 1228 (1912); J. P. Mathieu, Bull. soc. chim.,
4, 687 (1937); J. C. Bailar and R. Auten, THis Jour~aL, 86, 774
(1934).

(18) G. E. Kimball, J. Chem. Phys., 8, 148 (1940).
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Table II need not be equivalent, as these are cer-
tain to be influenced by inductive and steric effects
of the groups attached to the central metal atom.

Displacement (Sn2) Mechanism.—In a similar
fashion the conclusions reached for a displacement
reaction mechanism are shown in Table II. The
assumption made here is that the activated com-
plex has a pentagonal bipyramid structure as the
formation of this requires a minimum of atomic
motion. The approach of an incoming group from
the front-side (position adjacent to the outgoing
group) of the complex is not shown in Table II, as
this should result in a retention of configuration.
However, if the approach is from the back-side
(position opposite to that of the outgoing) the an-
ticipated configuration(s) of the product depends
upon the particular isomer undergoing reaction as
shown in Table II. If the reactant has a #ans con-
figuration, the product will be exclusively cis,
whereas a cis starting material is expected to yield
a mixture of c¢is and frans products. Here too it
should be made clear that the actual statistical
synthesis of geometric isomers need not be expected
because of steric and inductive factors.

It is apparent that there are many limitations to
the stereochemical approach to an elucidation of
the mechanism(s) of substitution reactions in octa-
hedral complexes. Much of the data collected here
will be more readily interpreted if it can be deter-
mined whether these reactions are unimolecular or
bimolecular. However, even in absence of this
information, observations on frans isomers should
be of interest since these frans isomers are expected
to yield exclusively ¢is products only in case of a
displacement reaction with a back-side approach
of the incoming group. On that account most of
the attention in the discussion which follows is
directed toward the frams isomer, since it is ex-
pected to be somewhat more indicative of reaction
mechanism.

A. Chloroamminebis-(ethylenediamine)-cobalt-
(III) Ion.—trans-{CoensNH,C1]+? reacts with hy-
droxide and thiocyanate ions to yield primarily c¢ss
products. These observations suggest either a dis-
placement reaction with the incoming group ap-
proaching largely from the back-side or an ioniza-
tion mechanism with a trigonal bipyramid inter-
mediate structure. Aquation of the frans isomer in
the presence of silver ion and the reaction with
nitrite ion yield mostly frans products. This may be
taken as an indication of either a front-side dis-
placement or dissociation with a tetragonal pyramid
structure for the intermediate. However, it should
be pointed out that even in methanol-water solvent
mixtures the reactions with nitrite ion and thio-
cyanate ion are probably complicated by reaction
through the aquo complex. This supposition is sup-
ported by the fact that the product of the reaction
with nitrite ion is the same regardless of whether
the starting material is the chloroamminebis-
(ethylenediamine)-cobalt(II1} ion or the corre-
sponding aquoammine.

B. Chloronitrobis-(ethylenediamine)-cobalt-
(III) Ion.—With the one exception of the reaction
of frans-]CoensNO,Cl1]+! with hydroxide ion, both
the ¢is and frans isomers of this complex reacted to
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SOME STRUCTURAL CHANGES THAT MAY OccUrR DURING SUBSTITUTION REACTION OF {M(AA)sax] COMPLEXES

SN1-Dissociation Mechanism

Trans Isomer: .

1
-@
Sk — - - - — @ /
4Z;_ 3/ Q‘ '

Cis Isomner:

e
// -——-*—L 1 position of attack
7
3 trans product
R ty > 3 positions of

attack at £120°

3-H trans product
3-4 ¢1s product
4-5 ¢is product

+y
——> 1 position of attack
c¢is product
+v 3 positions of attack

at £120°

3-5 cis (retention) product
3—4 c¢is (inversion) product
4-5 trans product

SN2-Displacement Mechanism (back-side attack only as front-side attack always results in retention of configuration).

Trans Isomer:

yield products of the same geometric configuration
as the reacting isomer. These results support
either a displacemnent mechanism with a front-side
attack or dissociation with the activation complex
having a tetragonal pyramid structure. It is note-
worthy  that  aquonitrobis-(ethylenediamine)-
cobalt(III) complexes also react with nitrite and
thiocyanate ions with retention of configuration
(Table I-F). Here again it is probable that the

o
+y NG "~ -® 4 cquivalent positions of
— | M—>2 attack by v (2-1, 2-3, 2-5
O/ ;\// and 2-6)
HE~
l 3 ¢ts product
6.
0
+y / -® .
— M—>2 3 positious of dttack by y
e
A\ 5-2 cis (retention) product
[€) 5-6 cis (Inversion) product
s 5-4 trans product

reactions of the chloronitro complexes proceed
through an intermediate formation of the aquo
complex.!®
This is the only case in which aquation was suffi-
ciently rapid to permit a determination of the con-
figuration of the aquo complexes. The aquoitro-
(16) Kinetic studies on the reactions of {Coen:NO:Cl]"! with water

and with nitrite ion to be published in THis JoUrRNAL support this
view,
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bis-(ethylenediamine)-cobalt(I1I) isomers do re-
arrange in solution but even after 14 days at room
temperature they had not come to equilibrium. It
is of interest that the aquo products are identical
whether or not the reaction was run in the presence
of silver ion. The fact that frans-{CoensNO,C1]*+!
reacts with hydroxide ion to yield a mixture of cis
and trans products is in accord with a general ten-
dency for the hydrolysis reactions of {rans isomers
to give primarily cis-hydroxo compounds.

C. Chlorothiocyanatobis-(ethylenediamine)-co-
balt(III) Ion.—The reaction of [Coen,NCSCI]*!
with excess alkali results in the formation of the di-
hydroxo compound. However, if an equivalent
amount of alkali is used followed by treatment with
excess acid, [Coen,NCS(H;0)]+? can be obtained
and here again the frans isomer yields largely a cis
product. Aquation in the presence of silver ion
could not be studied because of the formation of a
silver addition compound.!” Since the spectra of
cts- and trans-[Coeny(NCS), ]! are virtually identi-
cal, the reaction with thiocyanate could not be
studied. Likewise the reactions with nitrite yielded
only the dinitrobis-(ethylenediamine)-cobalt(1II)
compounds and the structures of the intermediate
nitrothiocyanato complexes could not be deter-
mined with any certainty.

D, Dichlorobis-(ethylenediamine)-cobalt(III)
Ion.—The reaction of [Coen,Cly]+! with alkali can-
not be used to produce the monosubstituted com-
plex because the two chloro groups are replaced
at comparable rates.!* However, both groups are
conveniently replaced in an excess of alkali and the
relative amounts of ¢ss and frans isomers obtained
are in good agreement with the observations of
Werner. Similarly, reaction with excess nitrite ion
yields the dinitro compounds. However, since it is
known that the chloronitrobis-(ethylenediamine)-
cobalt(III) complexes produce the dinitro com-
pounds with retention of configuration, it can be
seen that the dichloro salts must be yielding a mix-
ture of cis and frans isomers of the intermediate
chloronitro compounds. Reaction of thiocyanate
ion with frans-[Coen,Cla]™! yields primarily the
trans - chlorothiocyanatobis - (ethylenediamine) - co-
balt(IIT) ion; this reaction is therefore analogous

(17) A. Werner, Ann., 386, 139 (1912); Ber., 44, 879 (1911),
(18) J. P. Mathieu, Bull. soc. chim., {5] 8, 2121 (1936).
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to the behavior of the ¢rans-chloronitro compound,

Conclusions.—The results of this study may be
summarized as follows: (1) frans isomers react
with hydroxide ion to yield primarily the cis-
hydroxo complexes. (2) Except for the reaction
of hydroxide ion with trans-[Coen,NO,Cl1]*!, both
the c¢is and frans isomers of [CoensNQO,Cl]+! react in
general with retention of geometric configuration.
(3) Aquation of cis- and frans-[CoensNO,Cl]*},
whether in the presence or absence of silver ion,
yields the same aquo products. (4) All of the aquo
complexes studied rearrange in solution to give an
equilibrium mixture of geometric isomers which is
primarily ¢is. (3) Reactions of aquo complexes
with nitrite and thiocyanate ions generally take
place with retention of geometric configuration,
(6) These results are indicative of the fact that no
single reaction mechanism is operative in all sub-
stitution reactions of complex ions. However, it
does appear that the hydrolysis reactions proceed
either by dissociation with a trigonal bipyramid
intermediate or by displacement with the incoming
groups approaching largely from the back-side.
On the other hand, the retention of geometric con-
figuration during the reactions of the chloronitro
compounds and the aquo complexes suggest a dif-
ferent reaction mechanism. These reactions would
appear to proceed either by dissociation with largely
a tetragonal pyramid intermediate or by a displace-
ment with primarily a front side attack.

The semi-quantitative nature of these data
should be emphasized. The difficulties which of
necessity arise-are twofold; first, it is not possible
to be absolutely certain of the purity of the geo-
metric isomers employed and second, the absorp-
tion spectra of the isomers are in some instances
very similar. It should also be mentioned that in
cases studied by Werner and by us, the results of
the spectrophotometric studies are found to be in
reasonable accord with the results of Werner’s
earlier observations (see footnote to Table I). The
only exceptions are the hydrolysis of frans-[Coen,-
NH;Cl1]*2 and the reaction of ¢zs-[Coen,NH;H,O]+3
with potassium thiocyanate. Since the possibility
of molecular rearrangement does exist with the
isolation technique employed by Werner, discrep-
ancies such as these are to be expected,
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