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C A L O R I M E T R I C  INVEST IGAT IO~  OF COPPER(II) A ~ D  LEAD( I I )  
COMPLEXES WITH LACTATE A ~ O  3 -HYDROXYPROPIO~ATE 

I. F!LtPOVI(~" ~.-,~ EL I ~ ' . C I I - D R A G U T I . ~ O V I ( "  

£ahorm,  w¥ ojr !~cn~.~xnir CAcmi-~.  . F ~ r h ,  r ,,jr T~.t~.~,l,,~r. ~rni,~, _.iz.r o f  Z~ . r vb .  Za~r,.b i ) ' ~ J a r i a )  

N-  IVi~"IC- ~.,~r~ V L  S I M E O N  

tgcc~_- 'd  $ ~ c m b c ~  19T~ 

The enthalpics o f  liDation o f  H ' .  Cu"  ~. and Pb z" to lactate and 3-hydroxy- 
IProplonatc ior~ , ,ere determined by c'alorimet~ ~ at 29g.15 K in aqueous ~aCIO~ 
(2  tool d in -~) .  TIh¢ first tx,-o {stcpxvisc) !in~ational cnthalpics arc o f  small magnitude 
(the first u~;ually exothcrmic, the second cndothcrmic) while the third is s t r on~y  
e_xothermic, possibly indicating a chan~c in the kind of  bonding. 

I.~.7 i l I ) D ~ c ' T I ¢ ) ~  

The stability o f  metal complexes , , i th  monocarboxylatc  and hydroxymono-  
carboxylatc lie.ands ,,-as s]~'stematically inx-csti~tcd in thi~ laboratoq," using x~arious 
methods (scc c.~. ref. I)- In order  to support  the stability data  x~ith the information 
from an indcpcndcnt sourc~ and to clarify the xx-ay of  mctab l ieand  bonding in these 
complexes a thcrmochcmical investigation ~l-as designed. 

EXPE.RIME.%~AL 

Al l  reagents ~ r e  ofanal) l ical reagent grade; li~ands wcrc purifc~ by r¢lx:atcd 
rccryslallisation_ Li~and solutions ,yore standardiscd by alkalimctric titration and the 
metal ion stock solutions by" comp!cxomctry. Sodium perchloratc was rc~rystallis~l 
from ,,'ater (once). and mdal perchloratcs three times, also from water. 

The calorimeter u~:d in the present ,~-ork li-~S described by I~iC~ and Simeon -~. 
pH measurements i~_-rc made by means o f a  Metrohm E 436 Potentio.a.araph Ccluippcd 
~,ith a combined ~lass.rA~e. A~-'!  electrode, standardiscd a ~ i n s t  a 0.02 tool d i n - a  
HC10.~ solution in 1.98 tool d i n -  a NaC10~: FH is thus defined on the concentrat ion 
scale: pH ---- -- Io~{IH ~l(mol d m -  a))_ 

To  determine the ligational heats the calorimeter xx-~s char_,~cd with 3.5 cm ~ 
o f  half-ncutraliscd l i ~ n d  solution (pHi  ~- pK) ~nd the ampouh:  with 0-g cm :~ of  
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m~tal pcrchh)rat¢ solution_ Both solutions containcd ~aCIO.t (2 mo! dm -~)  to 
maintain an ~pproximat¢ly constant ionic strength_ After as~mblin~__, th~ calorimeter 
was I~ft to tl~Tmaily equilibrate with tltc thermostat  l~ th  kcpt at _~9~;.15 ~ 0.1 K. 
TI~  bath ~,~5 controlled to ! m K  by m ~ n s  o f a  Tror~c  11300 A tcmlw.raturc controller.  

initial and  final r~tin~ p ~ o d ~  !astc-d at lc-~t !0 min while the durat ion o f  the 
main p ~ o d  x~-as t y p ~ l ! y  2 to 4 min. Each -chemica l "  run x~,~as fo l lowed by an 
clcctrical cal ibrat ion. The  corrcctcd tcmpcraturc rise was ~ 'a lua;cd usin~ Dickinson's 
method. Thc  ~'nthalpics o f  l i~and protonat ion were dctcrmincd in much thc ~amc , -ay:  
the lie~and solut ion ~as containaJ in the ampoule and th,: c-Morim_ctcr ~ s  c h a ~  
with a 2 moll dm -~ NaCIO.~ solution containin~ an adequate  ( >  107,) c.xcc~ o f  
g~aOH to suppr_~___ _~ the h~xlrol)T,i.~ 

The final pH in the li~ztion--,I-h~t dctcrmination~ (pH+) xx~zs determined in a 
. ~ z r a t e  .~rics o f  experiments in order  to crc~.ur¢ a Ion~ ~nou~h time for the equilibra- 
t ion o f  the ~ la~  electro(It and for a x-cry careful c;zlibration_ The amounts  o f  various 
spocics (HI_ NIL. ML. .  ML))  x~c :  ca!cuhtcd from t!~ anal)lica! conccntration~s 
(C'n. (7,.. C,~.  initial and final pH x~luc~ and r c l ~ m t  stability constants xx-hich xx~.t~ 
taken from ~f .  I. After comput in5 the composit ion o f  t l~  solutions and  after 
allowing for tthc heats o f  dilution and protonat ion (Q,,t.) a ~ct o f  thrc~ s imuhancous 
equat ions o f  the typ~ 

. ( M L )  3,~ ,H ÷ n ( M L . )  . .4. : / /  + n(ML:~)  do~H = -- 0,::~,~ ( I )  

X l ' ~ i ~  O (  : (~1  - -  ~ I I L  - -  ~(~l i l ' "  XX~IS obtained and solx~d for the cumulatix~c li.~;ttional 
enthalpic.% ~ I L  The , ~ p c ~  xxith n < O~O! , ~  xx-erc ne~lcc~cd in the computat ions.  

TABLE l 

~ T I I O ~  OIg CEI~" A_%:D ~ "  1 o  LAg~-.tIIE A_%2111 ..Tt-m~LMb~.~PW~PlggN~IE. I D Z  - -  C~LIOIEI.X~IIUC" DATA 

L i ~ l  C,'nzmi CL C~ p l l t  Q.(JJ ~ i , .~J)  G.L~J) Q.(J) 
im,21 fm~d 

~ l c  Cu ~- iI-0553..1 0-0,161 ~' ~--~13 10-1~I~I ,~.5 I(IT) ~0.40 Z.~_4)  
009076 0-0461_ ~ .~.075 10.310.2) ~-51(IT) ~0~.~ 2-0~2.';) 
O.2912 O-1]O66~"/ 3-325 1.3-49(16) 9.76t~..5) ~0-11 3-g4M30) 

Pl~- 0 . ~  0.05036 ~ 9 ~  &-';O(~) ~ . ~ 5 )  -0.26 4-6716) 
0.101~ 0 - 0 ~ 3 6  3.15.~ ~.}.3(4) ~-"/qS) - 0 . I ~ ;  6.~..,~6) 
0.~"21 OA)-.N).~6 .3.~'96 9..-g0(1.3) ..-"9(}1 -0.11 7..32(|4) 

p r a t e  0.1007 0.050.~6 3 - ~ 0  I - ' ~ 2 )  ? - - ~ 5 )  0 ~ -= 0-.5115) 
~ . ; 6  4_130 4 ~ t ( 6 )  ~---"9(~ 0 = ~_.O~S) 

" L¢2,~ < oOI J. 



TABLE  2 

~rlEt~I&II~E [~ltlPJlll~f'Jldl ~ . ~ 1 , % 1 ~  ~t. [ % l ' t l A t P I L ' - ~  &.q~ll) t..'%.-11 Itlf~YlqlS ~ ILI~,A]'IU_~ OIF I I  ". Cu: ' .  axn  Pb ~- 
~o c.u~rzarE x~,cu 3-tn,,'tm.ox~zzqtoe,s[x',c.t'lrl~ ~ ~T --'~'9~1~ K tr~ 2 z, ml, rm = ..~,. ~"~tCIO;) 

S r~rcln n Io~ f~," - I,,.I.,,,H e . h , -z . .S ~ 

H" .~ l a c t i c  
Cu ~ -~- laclalc 

PIb ~* @ la~alc 

H" ~ 3-h)'drox~Tmc~pim~zc 
Pt~* ~ 3-hydrec, t_vt~ropit~nalc 

I ~ - b  ~ - - -  7 - !  

I ~ ¢ ~  ~ ~_~ -12 
Z !-6Z -~ 4A 4 6  

3 0_61 ~ 1 7 4  - - . ~ O  
I ~ ! 6  ~ 7 - 5  1 6  
2 1.07 --:- !~-3 82 
3 0 - 1 4  ~ 9 O  --_-~O 
I 4 £ ' ~  - -  ! - 4  $ 3  

I ~10 0 ~  4 1  
2 !-O7 :.- ?~4 _~9 
.~ o . 3 4  ~ ~ --1742 

s Takcn rrom rcf. I- 

R ~ U L T S  

The  basic ca lo r imet r i c  and  anal.,,'tica! data are colkctc~i  in  Tab le  I .  Each Q 

tcTm is a ~ n  o f  a t  least ten  i n d c i ~ n d c n t  ca lo r ime t r i c  runs.  T I ~  fi3urcs in parenth¢~c~ 
a re  d o u b l e  s t a n d a r d  c-trots o f  the  m ~ n .  A l t h o u g h  it is difficult to  as.sc~ the  con t r ibu -  
t ion  o f  t he  n o n - c a l o r i n ~ t r i c  s o u r c ~  o f  e r r o r  to  the  overal l  un¢cr la in ty  in Qc this  is 
unl ike ly  to  e x ~  s o m e  10~'~. N o  da t a  x~cr~ co |kc ;c ,d  for  c o p p e r  3 -hydroxypro -  
p iona tcs  b o ~ u ~  the  prcc lp i ta t ion  occu r r ed  a t  t l ~  c o n c e n t r a t i o n s  h igh e n o u g h  to  
r~Tmit t he  calorimctr!c ~ u r c n ~ n t .  

S ~ n d = r d  t h e r m o d y n a m i c  func l ious  ( log K ' .  d . _ l_ , ,H ' ,  d . - . i . r ~ ' ) ,  ~iven in 
T a b l e  ~ refer  to  the  stepwi~,~ l iea t ion  reac l ions  o f  the  .~-~cncral t ) ~  

M L . _ ,  ÷ L = M L .  (2) 

As the con,--~ntration o f  any  reactin~ species , a ~  cons ide rab ly  Iox~r  t han  the  con -  
cc~ t ra t ion  o f  the  b a c k ~ r o u n d  ¢l,.-~ro|yt¢ the  mc'~sured e n t h a l p y  chany._es shou ld  be  
very  c lose  to  the  respccl ivc s l a n d a r d  valuc~. T h e  ~ landard  s la te  is def ined here  for  
e~-ery rcac l ing  spc.cics as  a h~Tmthetical ideal  so lu t ion  o f  uni t  concen t r a t i on  (c  ~ = 
tool d i n -  3) in 2 mol  d m -  3 a q u e o u s  NaCIO.t  which  is r c e a r d c d  as  a sol~-cnt. In  o r d e r  
to  d i s t in [u i sh  the  so def ined s t a n d a r d  s ta le  f rom the  conven t i ona l  o n e  ( e )  it is d e n o t e d  

by  -" s u p p l .  

D!SCUnj~-IO.~ 

I t  can Ix :  i n fc r rcd  f r o m  the data  in  Tab le  I tha t  the net  l i .~at ional heat  e f t 'ms.  

Oc, are essent ial ly ditTcrcnces o f  t w o  lar~.cr numlx : rs  and  tha t  t he i r  re l i ab i l i t y  is 

thereby  cons iderab ly  rcduc,.'d. T h i s  e s p ~ a l l y  app! i~s to  the da ta  f o r  coplx~- lactates,. 



154 

and  to  the protonat ion cnthalpic~,. Ahhou~h  for the latter case the pr imary data  ere 
not  displayod it may Ix: said that  ~ too a diffc-~ncc o f  two larec numbers  - -  the 
meac.urcd heat  and  the h ~ t  o f  lig~tion of  H "  to O H -  ~ is taken_ It is a fortunate 
circumstance, h o w ~ r ~  that  the contr ibut ion o f  Q, t .  term is comparat ively small or  
cvcn nil. 

XVhat~_-r the uncertainti¢~ in the reported data  may be.. it is not likely that  they 
could alter 1he basic relationships between the values displayed in Table: 2- Wha t  
justifies such a bclicl 'ar¢ the maenitudcs o f  the proport ions o f  individual MI.~ species 
in cxpcrirngnt~ ~ i l h  different Ci jC.u .ratios- The  experimcnt~ were dc~,i~ncd in ~uch 
a vk~ty that  a t  the lowest wa!u~ o f  Ca. almost  ~xclusively M L  complex l~=s formed: 
a t  the next hio_hcr CI. t h c ~  i~a.~ a mixture o f  N! L and M L .  and.  finally% at  the h i g h ~ t  
C~ some ML~ wax p ~ t .  a long  ~cith quite hi oJt amounts  o f  the first two complexes. 
Because o f  a low amount  o f  NIL3 complex (4-11 ~.) the ~z3 II 's  arc probably t i~  
least t~liablc o f  al l  the ~tluc~ determined_ 

The first s~ep in the m~tai li-_ation ix accompanied hy a s m a l l  usually exo- 
thennic,  en~halpy change. The second step is cndothcrmic,  the magnitude of  d H  
being ~imilatr as  in the first one. The  final step is s t r on~y  cxothcrmic_ This  l a r ~  
r-xotherm~ enthalpy chan~,,¢: is. howexc-r, almost compensated by an adczluatcly high 
n e ~ t i v c  en t ropy chan~_  

Although it is difftcult to draw ;my conchL~ions on the ~round o f  a rather  
limited bod~ o f  da ta  it  s ~ m s  that  a kind olr rc-arrane.cmcnt takes place ~-hc'n the third 
l ieand molecule cntcl~ the coordinat ion sphere o f  the metal ion_ Such a conchL~ion 
is sug_._~,~ed b v s u r p r ~ n ~ y  hieh exothearmi~ ._JI.:,H' ~"alu~ (and c o r r ~ p o n d i n g  highly 
negative zSz~S, ). According to Larsson a up  to three kinds o f  bon~ing can Ix: obsct-vcd 
in ~ -co la t e  c o m p l e x ~  t~-ith a _gi,,-cn central ion: {i) the ligand may act  a.~ unidentat.~. 
coord ina t in f  ~ a  its carbox$-Iate group only.  (ii) chelates ~ t h  carboxylatc and 
alkox)-Iate donor  groups may be formed, and (iii) a chelate ring. may he c l o s ~  
includin~ the carboxylatc eroup,  t l ~  central ion. a x~'atc~r mol~u l~  and finally the 
aikoxylate group. For  a ~ n  composit ion o f  the complex. ML. .  cx-cn a mixture o f  
all the t h r ~  bonding isomers is possible. It should Ix: mentioned that  Larsson's  IR 
~ , ec l rn~op ic  work was d~-otcd exclusively to M L  comple~xcs which means that  an 
even o_rcater complexi ty may Ix: expected in the prc~ant ca~ .  Therefore a more 
exhausti,,~ s tudy o f  t h c ~  kinds o f  complc.xcs seems to be n ~ r y  to clarify their 
thennoche~is t ry .  
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