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TABLE IX 

HAI~-WAVE POTENTIAL OF THE MERCURY (II) p-TOSYL
L-GLUTA~~TE COMPLEX AS A FUNCTION OF THE 

p-TOSYL-L-GLUTAV*GE ION CONCENTRATION 

Total p-.:To;;~~~===E7~ --~ ~- ~1;~~-=-== 

L-Glutamate 2 Slope of 
M<?J&.~~_:_. ·. b • __ :Qll __ _§~.!... -~~ Ip_g_E!_Q..L.. 

0.005 11.05 0.1005 2.7 o.OJ6 

0.01 ll.J5 O.lJl8 2.5 0.04 

o. 02. 11.65 0.1588 2.6 0.04 

O.OJ 11.80 0.1850 2.6 0.036 

0.04 11.90 0.2021 2.2 0.029 

--~_... __ . 
---~- ~ - -____ ... ___...._.._ ..... _ ..... ___ ......_._,.__.~ ____ ....,...,___ __ 
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which had been added to suppress the maximum$ In this 

analysis the high slope value might be due to bulkiness of 

the molecule be.ing studied. The plot of 

give a slope of 0.125, for n equals 2, the co-ordination 

number is 4, thus for the complex the formula is 

[Hg(p-tosyl-L-glu)4]++. 

n.-to.:~.tl-L-~~. _These solutions were cloudy 

and a precipttate formed on bubbling nitrogen through them. 

The height of the zinc wave was depressed to 0.65 micro-

amperes, although the concentrations were to the order of 

lo-4 M. No attempt was made to evaluate these polaro-

grams. 

n.-~l ~cine. Lead complexes were studied in a 

0.1 M KNo3 supporting electrolyte with 0.002% Triton x~100 

as the maximum suppressor. The height of the simple wave 

was J.Ll-5 amperes with half-wave potential of -0.370 V and 

ks/kc = 1. These solutions became turbid on standing and 

had to be made up immediately prior to oxygen removal. On 

use of appropriate data p is found to be equal to three, 

with the formula of the complex as [Pb(p-tosyl glu) 3 J. 

Although Pb(Gl) 2 (JO) is listed as being determined 

potentiometrically, no mention is made of a higher complex 

of lead and glycine. A Russian worker (42) reports a 
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tartrate complex of lead as [Pb(H Tart)3J. There ls no 

reason to believe that this is a lead hydroxo complex. 

Lingane (25) has shown that the half-wave potential of the 

lead hydroxo complexes increase linearly with concentra·~ 

tion of sodium hydroxide only in the range 0.01 M to 0.5 

Th_!? E:"l;I'~ge_st_ concentration of glycinate ion used 1;.1as 

0.006 M, yet a linear increase in E.l. was observed at these 
2 

low concentrations. From Lingane's observations, this 

would not have been true were the complex being formed that 

of the hydroxo •... 

12-io§Xl-L-gl)!t;aJP.p.t~. Analytical conditions were 

generally the same as those in the precedlng glycinate 

runs. 'Ihese solutions were perfectly clear. From slope 

of plot· it is evident that there is a genuine one electron 

reduction, with slope values ranging from 0.050 to 0.073. 

The co-ordination number is calculated to be one. The 

formula of this complex is postulated to be 

Pb(OH)p-tosyl-L-glu. There is ample evidence (32, 5) for 

the existence of Pb(OH)+. Pederson (34) of the Royal 

Veterinary Agriculture College of Copenhagen explains the 

formation of Pb(OH)+ on the basis of three equilibriums: 

and 



TABLE X 

HALF-WAVE POTENTIAL OF THE LEAD (II) p-TOSYL 
GLYCINATE COJYIPLEX AS A FUNCTION OF THE 

p-TOSYL GLYCINATE ION CONCENTRATION 

. _ .... " ------""'bt.-·---------------Tots:f'. ·i):.rros"YF-~-------- ~~-~fd·-- - · ·---~ -
Glycinate 2 . Slope of 

1.1Q..l_Elli[J). 12§_~ -~-- ,:pH • ~9.• E ,• ___ ...!Lg!!lP ~~g_j'lot _ 

0.003 8.?0 0.475 1.90 0.035 

0.002 8.80 0. L~86 1.90 0.036 

0.004 10.20 0.534 1.40 0.032 

0.005 10 .4·8 0.542 1.60 0.030 

o.oo6 10.55 0.554 1. Lt·O 0.029 



~~-·--------- -- - --

TABLE XI 

HALF-\'iAVE POTENTIAL OF THE LEAD (II) p-·TOSYL-L
GLUTAMATE COf1PLEX AS A FUNCTION OF THE 

p-TOSYL-L-GLUTAMATE ION CONCENTRATION 

43 

~=-~~~==-~.....::t:=--~ .. --====:r.-.:~-===-~~=·---:- ....:::..:...:: 
Total p-Tosyl- -E~ vs id 
L-Glutamate . 2 Slope of 
]:1Ql<i§.~L_ ____ J2H ~ 2.~---_Laml?.!_~_bog P]:_Q.L 

0.002 6.55 0.371 3·35 0.050 

0.005 , .. 6.75 0.402 3· 20 0.073 

O~OJ. 6.90 0.428 3.10 0.070 

0.02 7.1 0.443 2.90 0.060 

0.04 7·5 0.469 2.88 0.050 



TABLE XII 

HALF-WAVE POTENTIAL OF THE LEAD (II) p-TOSYL-L
LYSINATE COMPLEX AS A FUNCTION OF THE 

p-TOSYL-L-LYSINE ION CONCENTRATION 

0.0005 

0.00055 

0.0006 

0,0007 

8.70 

9· 20 

9·30 

9.60 

0.4665 

0.4?00 

0.4?22 

0.4?73 
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The presence of oxonium ions in solution is supported by 

the low pH values of the solutions. Usually the pH of a 

0.04 M solution of the glutamate was approximately 11.9; 

in this solution it is 7.5. 
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The presence of hydrogen ions in solution may hydro

lize some of the glutamate and make possible the formation 

of Pb(OH)Glu., much in the same manner as Zn(OH) Tart- (31) 

is formed. 

R-tos~l-b-!xsine. Supporting electrolyte and maxi-

mum suppressor, are the same as for the glycinate ion. The 

shift of the half··wave potential is very slight, between 

that·of glycinate and glutamate; the lead wave, however, 

is depressed more than that of glycinate or glutamate. p 

is calculated to be two. The formula of the complex would 

be [Pb(p-tosyl-L-lysinate) 2J. 

Mang~n;ese (II) 

~-tos~l-glycinate. All solutions in the manganese 

(II) series were de-aerated completely before preparing the 

solution to be analyzed. This additional precaution was 

necessary to prevent basic manganese (II) from oxodizing 

to the dioxide. Although the solution gave a very light 

tan color on addition of the glycinate, no precipitate was 

observed to form. p is fourid to be one. The formula then 

is [Mn(p-tosyl-gly)]+., Monk (31) reports the same type 



( 
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TABLE XIII 

HALF-WAVE POTENTIAL OF THE MANGANESE (II) p-TOSYL 
GLYCINATE COMPLEX AS A FUNCTION OF THE 

p-TOSYL GLYCINATE ION CONCENTRATION 

--- -Total p:Tosyl 
... 

G1ycina te ' · 
112.l~sL1 i tsrr_. 
0.0005 

-
0.001 

0.002 

0.003 

0.004 

... _ _.. 
... -· -----E vs 1,. 

8 

'I?.~-- ?.!.C.~. 

id·~-

S1ope of 
~--~~~----¥=.-~a=~~~2-~·----~~£1_ __ 

9.65 1.513 2.85 0.04 

9.85 1.521 2.84 0.04 

10.05 1.529 1.72 0.036 

10.10 1.537 1.00 0.036 

10.25 1.)54 0.55 0.030 

---__ _, -.. ........... -

p,-
'· 
~ 

'-'r.-
H 
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TABLE XIV 

HALF-WAVE POTENTIAL OF THE MANGANEZE (II) p-TOSYL
L-LYSINATE COMPLEX AS A FUNCTION OF THE 
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J. 

formula for ¥m(II) with glycine and alanine. 

wave potential was observed. 

~-to~xl-1-lY-sina~~· While the shift of the half

.. _ wa.Yf3 _:R_oi;en"t;ial for lysinate complex is greater than the 

glycinate's the nand p values are the same, making the 
'. . + 

formula [Mn(p-tosyl~L-lysine)] • 

II. DISSOCIATION CONSTANTS AND FREE ENERGY 

OF FOR:t-'IATION OF' C0£11PLEXES 

Dj.§.§£_q~tJop. 9.QD_S~§J.nt§. 

Dissociation constants for the complexes studied 
)<.. 

are listed in Tables XV, XVI, and)BVII (see pages 52, 53, 

and 54). The order of stability of the p-tosyl glycinate 

complexes as found in this study is: 

Hg")- Cu ">Pb '>Cd > rtm ..,zn 

This order of stability of complex formation among metals 

is different from that reported by Albert (1) for the 

unsubstituted acid, 

CU~Zn '>Cd>Mn 

50 

but is in substantial agreementwith that found by Blood and 

Loras (10) for the unsubstituted glycine, 



Hg>Cu >Zn'?Cd 

Maley and Mellor (28) working with glycine alanine 

and valine list the follo~ring order of stability of com-

plexes: 

Cu~Zn')Mn 
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In th,is study of the p-tosyl-L-glutamate complexes, 

the order of stability is about the same as that of the 

p-tosyl-glycinates: 

Hg>Cu>Cd>Zn >Pb 

In group IIB, there is an increase of stability of 

p-tosyl glycinates and glutamates metal complexes with an 

increase in atomic weight (Figure 10, page 56). Perkins 

{34) in working with glycine reports the following order 

for group IIB: 

In thj.s instance there is no apparent rele,tionship 

between stability and atomic weight, as found in this study. 

Throughout this investigation it ~1as apparent that 

the metal was the dominating factor in the stability of 

the complexes studied. 

A comparison of pK values of metal complex ions of 
. 

glycine with those of p-tosyl glycine (Table XVIII, page 55) 



TABLE XV 

CONCENTRATION DISSOCIATION CONSTANTS AND pK'S FOR 
THE p-TOSYL GLYCINATE-METAL COMPLEX IONS 

52 

. _ .. ----- ==· -=-:.::: ....... =·=-==-::;;: ... "';::=-::::-=·=-=-·-====== 
~ietal___ -- - - Mean · · · 
Ion -Log Cx Kd Kd* pK 
------·~--.---------·-----... -------....... ---------
cu++ 

2.3010 

1.3979 
14.92 

----- ·----------------------,------------------------
2.3010 

. 1.3979 

7 .Ox10.;..·10 
3.2x1o-10 

2.4xlo-10 ____ ... _..........,..._----~----·~--,-----------
Z ++ n 

3.0000 

2'. 5229 

6.3x1o-7 

2.7x1o-7 

--------------·-----------·--
2.0000 

1.3979 
----- ' - --. --·· ... - ----------· 

Mn++ 

J.OOOO 

2.2218 

3.0000 

2.3979 

12.88 

8.85 

-:-----::-- __ ::.=......:....-..-~---·-··--- _ __:.:;..o:::=.....==-

*Mean of five values. 
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TABLE XVI 

CONCENTRATION DISSOCIATION CONSTANTS AND pK FOR 
THE p~TOSYL-L-GLUTAMATE-METAL CONPLEX IONS 

---------~·--~·----

.53 

15.47 

----~------~-------------------------------------------
3.3010 

z:·9208 

J.5xlo-16 
3.6xlo-6 

4.0xlo-16 
5.46 

---------~ _w _________ . ____ -------

Zn++ 3.3010 

3.0000 
14.02 

--------~----------· ----.. ·---------·------
2.3010 

2.6990 

1.3979 

4.4xlo-17 
8.0xlo-l7 

3.63x1o-6 _6 -6 1.68xl0 
O.l5xl0 

16.10 

,5.77 

--------------------------~---------

---~-=-=-:::· ... --=-=-= .. :::===-._:::===-=·-===·-======-=-= 
*Mean of five values. 



TABLE XVII 

CONCENTRATION DISSOCIATION CONSTANTS AND pK FOR 
THE p-TOSYL-L-LYSINATE-METAL COMPLEX IONS 

54 

========.--::-:::::=::.. --==------=---..::::::::-- ---- - --
:f.1etal 
Ion 

Mean 
-Log Cx Kd Kd* pK 

3·3010 
.... 

. 3·2218 

1.8xlo-101 -101 
101

.2.1x10 
2.4x1o-

100.68 

----~------------------- ---~---------

i·t· Zn 
·-

-·----- ·~-----------------------

--
Pb++ 3•2596 1.32x1o-10 

8 -10 
1.29x1o-10 1.7 xl.O 9.74 

3.1871 
·-- -

Mn++ 3·1549 1.29xlo-4 
1.76x1o-4 

1.45x1o-4 3·74 
2.6990 

---- - -
*Mean of five values. 



TABLE XVIII 

pK VALUES OF METAL COMPLEX IONS OF GLYCINE 
COMPARED WITH THOSE p-TOSYL GLYCINE 

55 
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indicates that in some instances there is an appreciable 

effect on the stability of a complex when the hydrogen 

atom of the glycine amino acid group was substituted by 

the p-tosyl group. The differences are small however 

(except in the case of l'lmii) when compared with the metal 

effects. 

Free ]perEY of Formation of Com~le~ 

57 

Towards the end of the last century it was found that 

an energy quantity called its free energy (F) can be assigned 

to each substance in a reaction, such that a reaction in a 

system held at constant temperature tends to proceed if its 

is accompanied by a decrease in free energy--that is, if the 

free energy of the reactants is greater than that of the 

products. At equilibrium the driving force of the heat 

content (A H) accompanying a reaction is exactly balanced 

by the driving force of the probability change lA S.). 

The discovery of the relation between equilibrium 

constants and free energy has simplified the task system

atizing chemical reactions. 

The magnitude of the equilibrium constant of a reac

tion is an approximate indication of the completeness of 

the reaction under specified conditions. A large Ke indi

cates that the reaction goes from left to right, a long 

way toward completion, a small value indicates that the 

reaction proceeds right to left. 



The relationship between the equilibrium constant 

and free energy is expressed in the equation. 

F = - RT ln K (16) 

58 

Li and Doody (6) have reported the free energy of 

formation of cupric complexes of aspartic acid and alanine 

from polarographically determined dissociation constants~ 

The free energy of formation of the metal complexes 

of p-tosyl glycinate and p-tosyl-L-glutamate are shown in 

Table XIX. For the lead (II) lysinate complex F ~ 13.3 

kcal and for the Manganese (II) lysinate F = 4.99 kcal. 



TABLE XIX 

FREE ENERGY OF FORMATION OF p-TOSYL GLYCINATE 
AND GLUTAJ.11ATES COJ.I1PLEXES 

59 

. --

p-Tosy1 
G1ycinate 12.2 

p-Tosy1-L
Glutamate 

F 

cu Zn 

-20.00 -8.68 

-21.10 -19.1 

---

(kCal) 

Cd Hg Pb 

-12.90 -22.10 -17.)0 

-21.1 -27.80 -5.77 

----



CHAPTEH V 

SUMMARY 

This study has been fruitful in that the complexes 

synthesized are new, consequently there is no.data available 

in the literature concerning these compounds, thus it repre-

sents a contribution to knowledge. 

1. The names and formulas of' the fourteen new and 

previously unreported complexes are: 

a. Qopper (II) p-tosyl glycinate, 

[Cu(p-tosyl-gly)3J-. 

b. Copper (II) p-tosyl-L-glutamate, 

[CU(p-tosyl-glu)3J-. 

c. Cadmium p-tosyl glycinate, 

[Cd(p-tosyl-gly) 2J++. 

d •. Cadmium p-tosyl-L-glutamate, 

[Cd(p-tosyl-L-glu) 3J-. 
e. Cadmium p-tosyl-L-lysinate, 

[Cd(p-tosyl-lysinate) 5J3-. 

f. Zinc p-tosyl glycinate, 

[Zn(p-tosyl-gly)
2
2. 

g. Zinc p-tosyl-L-glutamate 

.fzn(p-tosyl-glu)3J-. 
h. Mercury (II) p-tosyl glycinate, 

[Hg{p-tosyl-gly)4J2+. 



i. Mercury (II) p-tosyl-L-glutamate, 

[Hg(p-tosyl-L-glu)4J 2-

j. Lead (II) p-tosyl glycinate, 

. [Pb(p-tosyl-gly) 3J-. 

k. Lead(II)p~tosyl-L-glutamate 

Pb(OH)+ p-tosyl-L-glu. 

1 •. Lead (II) p-tosyl..;L..;.lysinate, 

.[Pb(p-tosyl-L-lysinate) 2J. 

~. Mangenese (II) p-tosyl glycinate, 
+ ,C.Mn( p-tosyl-gly)] 

n. Manganese (II) p-tosyl-Irlysinate, 
. + 
[Mnp-tosyl-~lysinate)] 
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2. Of the amino· acids studied, only the dissocia

tion constants of the metal (Cu II, Cd, Zn, Hg II, Pb II, 

and Mn II) complexes of the unsubstl tuted glycine ~rere to be 

found in the literature, hence only the stability of these 

complexes can be compared "ri th the p-tosyl glycine com

plexes prepared in this study. 

The pK values of ~m (II) and Pb (II) of the substi

tuted glycine (p-tosyl) are a little higher than those of 

the.m,ptal complexes of the unsubsti tuted glycine, denoting 

a lesser.degree of stability. Of the remaining metal com

plexes of.the substituted and unsubstituted glycine there is 

practically no difference in pK values. 

A careful appraisal of these data would seem to 



indicate that the substitutlon of the bulky putosyl group 

for a hydrogen on the amino group of glycine does not 

drastically effect the stability of the metal complexes 

examined in this study. 

3. The order of stability of complex formation 

among metals with .the substituted glycine is in general 

~1e notable, exception is the zinc complex, which is the 
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most stable instead of being among the least. stable of the 

complexes. The data for the order of stability were obtained 

by a variety of techniques, generally not polarographic. 

This method might account for the difference in pK values, 

along '\'l'i th the nature of the co-ordinating agent. 

With the glutamate complexes the order of stability 

is in fair agreement with the expected order of stability. 

4. The Copper II complex of p-tosyl glycine pK values 

were essentially the same as those reported previously for 

the unsubstituted glycine, further evidence that steric 

hindrance of the p-tosyl group does not appreciably effect 

the stability of the simple amino acid complex. 

5. Group II B metal complexes of the glycinates 

and glutamates show an increase in stability with e.tomic 

'\'l'eight. 

6. Polarographic evidence indicates the existence 
- ++ 

of the mercury complexes [Hg(p-tosyl-gly)4] and 



[H ++ g(p-tosyl-gly)4J • A search of the available literature 

showed that mercury complexes of Q.r.ElliJl.i..Q gsidE?nQ..§. with p 

equal to four, ·have not been previously reported. 

7. In their complexes, zinc and cadmium have co

ordination numbers 2, 4·, 5, and. 6. In this study both the 

cadmlum and zinc glutamates have the rarely reported 

co-ordination numberof three. 

8. ori.ly single 1<rave polarograms were· observed in 

this study, indicat:i.ng a constancy of oxidation state of 

the metal ion during experimentation. 
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POLAROGHAM •· 5o.O X 10""4 M Cd(N0

3
)2 

SOLVENT ... no ·2 
EIJEC ~~ROJ~ Y'rF~ • 0~1 M KN03 

SAMPLE • • O~I. M 

CURRENT HANGE 0 10 (l 

DROP TIME .. } seconds 

MAXIMUM SUPPRESSOR • • 1\fone 
-'--------.!r-:·:· ~-~ -·-~----:_( :_-~:·--.::~:.:._~~: '".f '.;..:··:~:·L:~~_:_:: :. - __ :: -·~-~-·; ~--~ ;~::~:~-~~~=-~·:f} ~-~_}_:_:~::·: ~ 1--~:-.-.:~~:.:~::-:_ ·-· ···- ·-~·:_·,·.·~: 

~~i'{:i'jr"z-:~:r]'W ~':~";;,~.:··0'~-~~~-~:.:_:,---~~f~~ili;:l;~~;J:;:~-J~~.;>:c~:~~=~ · :~~:~::::~~~:·::t:,~:~~-·~\:,:i~:·; '~~~.·· 
i ,·.-!·:.:·::·-_-.--- [ :_:_.-=-·:.:;_··::·:.~:-_ -· - -

... '..~·----:--: ---··- ------.----

---- · · .= ~i=:~-: ~ :- __ :_ ·:-: · L-~- t..: :~ :~ 

'"' c" " - - ' - - - - w fl ! ~;l wn 1f1···· .... · •.....••....... 
J£"i~~ff(·"~ •·••·· ~; .(}~L~-t~=··. ·}wr-B~'i~ w J .-y-_· .. ~~~.~;;~~x~~~~t-1 
~:r·~r-:~6 .i:!:::Y/=;_s~~i;~·y;; ;~,o~, -·•· .. -.. ::: ~ --~~=:-~'-~=-~:'~;::, 
f:~:~~;:~:~·_::~::~:~~ ~.. ,1 
::.:~:;_::~~:-~:~-;:::~:~:~:_: ~:-:-

lilr~~~t 
... 

-···· · ... LI --- ·- ~--d 

~~~::·~~~~:~: =~:.:_~: : 
h'··---.--···:-: ~ ·--; -.- ___ :_ .... --

t::::::l::~::~~·r·~ ·:..-~::::~:: 
.-...~-~-r-------·- --~ 

----: .. -·. ·-- -~:-~-~L.-:-.~·.::.·.:·::. :=::..:.:: 

···- --·--- : ... -~~~-.:.:.~.--~:-~~[.-~~~-=-~-~-;·:..:·· 
..... - ~--·--·~· -- '. ~ ..... ________ .,.. .. , .•. ·--- --- ----·- ---· •····· .~ ... - ----

i . 
·: .---· ---·-: 



·, 

.?. 

Va.lues of i and id are taken from the polarogram 

·.·.on the preceding page and convet•ted :i.nto workable date. as 

show in the following tableo 

. ( 

' 

1b 

'When a l)lot of log ~//id~~ i. .. vs r~d.e. gives a st::catght line, 

the reac~j~on is revertdble at the dropping electrode 9 · ~.nd 

thus the data from the polarogram can be used.. k·plot of ·.the 

data: from _this polarogram is shovriJ. below. '!J).;2 is the 

· potential where the value of i· equals :i.d.,.,i or at log 1 ~ 

. !Ji,ili-J __ ;_; __ -=; :_c~T~l~:~--- , ---· .. 
~itf?f[Ii:~~f;_; : ::•_-::-.:~?~l:: :;··. 
j.:.::::-.::: .. :::·; :·_ :.::::..-_-7 .. _ 

(~f~-?H:"JY:it=-~~~- -- .. 
r_::::::::;_::I_::-:: :-:~::: 
!'".~.--~·-·· -·-·. 1';···:·:·· ---

---. --· .---••• ' _____ ; • .o. ••• 
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Albg .. i 

. id - j:j 
The slope = 

then 30·.,5 ··.~rt~: ·,..._-= 7"'0:D59 

n = (30.5} (0 •. 059)' = 1.8 or 2 . ; 

The data used to caculate Pt is obtained from figure 
3, page 28, the plot o.f E112 vs Log .ex ( ofc-tJ:le·:-amiLro~ac-±:d';-c::c---.·':~--
and' plugged into equation (9;), page 71 

·IJ El/2 

t1log ex 

0 •. 0591 

2 

..JhL!i2 - 0.·12-L = - p {0.0296) 
1 .•. 52 -· 1. 39 

p = 2 

. ·.·· .. 


