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CONCLUSION 

Se l f Propagating High Temperature ( S P H T ) method using an internal fuel resulted in the 

stoichiometrically satisfactory cathode materials ( L i N i V 0 4 and L i M n V 0 4 ) with better purity 

and crystal l ini ty. Despite the lowest temperature (573 K ) and min imum time adopted for the 

heat treatment, the products obtained from the fuel based synthesis ( S P H T ) showed growth 

controlled sub micronie particles with larger surface area .The electrochemical behavior o f 

both the cathodes was found to be better for the products obtained from S P H T method 

compared to those o f carbonate and acetate precursor methods. A l s o , higher fuel calorif ic 

value fuels in S P H T method yielded products that exhibited enhanced cycle life without 

much capacity fade. 
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A B S T R A C T : 

The acidic dissociation constants of the protonated form of 2-amino-(2-hydroxymethyl)-

propane-l,j-diol (tris) and 2-amino-2-methy]propane-l,3-diol (bis) in a series of water/1.2 

dniiethoxy ethane mixtures at 5 °C temperature intervals from 25 to 45 °C are determined using a 

cell without liquid junction potential The corresponding thermodynamic parameters (AG", A H " , 

and AS") of the protonated form of these buffer indicators in the various solvent mixtures are 

evaluated. The variation of the standard free energy change of transfer with solvent compositions 

for both indicators indicates a characteristic minimum which is attributed to selective solvation of 

the individual species participating in the equilibrium process. Solubility measurements of these 

indicators at different temperatures are determined in order to evaluate the thermodynamic 

functions of the transfer of the free bases which may provide a better insight on the nature of the 

ion-solvent interactions and the relative basicity of the solvent. 

Key words: Acid ic dissociation, tris, bis, 1,2 dimethoxyethane, solubility, solvent effect, ion-

solvent interactions. 

I N T R O D U C T I O N 

As part of extensive studies[l-5] on the dissociation equilibria in different aquo-organic 

mixtures, we report the results of measurements of the dissociation constants for protonated 

forms of 2-amino-(2-hydroxymethyl) propane-l,3-diol (tris) and 2-Amino-2-methyl propane-

1.3-dioi (bis) in a binary 1,2-dimethoxyethane (DME)/water mixtures. Their molecular structures 

are: 

H O H 2 C N H 3 C \ . 

H O H 2 C - - r « - C - - - N H 2 H O H ; C <-C N H 2 

H O H 2 C R > tris H O H2C bis 
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Studies such as these give important insights into the role of the solvent in dissociation 

equilibria and ion-solvent interactions, as well as providing information regarding the acid-base 

properties o f this solvent and its structural features. Both tris and bis are solid bases, easily 

purified, stable and water soluble bases of considerable interest as biological buffers[6-7[. The 

present work reports on a study of the behaviour of these two closely related indicators in 

aqueous mixtures in terms of dissociation equilibria and other thermodynamic parameters 

R E S U L T S A N D D I S C U S S I O N 

The method used for determining the dissociation constant (,K)mt" o f tris. H" and bis ,H" 

was exactly similar to that adopted for 2-methoxyethanol (MCS)/water[4] solvents. The emf 

values of the cell 

P t / H 2 (g , Ia tm) /Tr i s .HCl or Bis HCI(m,) , Tris or Bis <m2), H 2 0 - D M E n i ix tu re /AgCI /Ag. (A), 

where mi and mj are the molalities of B H C I and B . respectively, were measured at different ionic 

strengths. 

The p(,K)'fsir value in each of the solvent mixtures at each temperature was calculated by 

plotting the function P( sK) 'BH + defined by equation 1. 

p ( , K ) „ ^ i A ^ + , „ g < - ^ T ( K , . - 2 P I 0, 
' "" ' 2.303RT e

m , l + B a " ^ P B H 

against 1 and extrapolating to 1=0 Inequation 1, E m is the emf of cell (A) corrected to a partial 

pressure o f 1 atm of dry hydrogen, sE"m is the standard potential of the A g C I - A g electrode on the 

molal scale at the particular solvent composition and temperature, A and B are the Debye-Hiicke! 

constants, a" and (3 are adjustable parmeters, the first being the ion-size parameter, and I is the 

ionic strength. The proper value of a° is considered to be that which gives the minimum standard 

deviation for linear regression[4]. The emfs of cell (A) in the series of D M E - H 2 0 as a function of 

temperature are summarized in Tables l a and lb. 
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Table ( la) Electromotive force of the cell (A) for tris H " at different temperatures. 
m/inol Kg"1 inJmol Kg"1 Ecorr/Voll m/inol Kg"1 inJmol Kg"1 

25 "C io ° r 35 "C 40 °C 45 "C 
Pure aqueous medium 

".05351 0.04968 0.78496 0.78252 0.78104 0.77892 0.77684 
11.041 S3 0.03869 0.7*134 0.78849 0.78689 0.78479 0.78260 
(I.U313G 0(12485 0.79255 0.79021 0.78950 0.78599 0.78515 
11.021 i i i (1.01867 0.79878 0.79653 0.79591 0.79218 0.79141 
0.012.̂ 7 (KM 1980 0.81378 0.81132 0 81062 0.80742 (1.80625 

10.8 wi. % D M E 
11.06061 0.05900 0.77307 0.77097 0.77(106 0.76765 0.76897 
9.04693 0.04569 0.77940 0.77735 0.77526 0.77311 0.77 IM 
0.037H 0113053 0.77740 0.77565 0.77483 0.77319 0.77148 
ti.02426 0.02361 0.79158 0.78876 0.78524 0.78304 0.78180 
c.o ion:! 0.00937 0.80351 0.80217 0.80288 0.80012 0.7984 1 

27 5n1.%DME 
0.05832 0.04769 Ü.748M, O 74"4I 0.74639 0.74599 0.744(12 
0.04793 0.03921 0.7496! 0.75121 0.75157 0.74958 0.74784 
l .03081 0.02320 0.75267 0.75068 0.74806 0 74578 0 74322 
i: .024 76 0.02024 0.76027 0.75868 0.75578 0.75385 0 75212 
c. 00973 0.00906 0 77435 0.77361 0.77144 0.77015 0.76834 

48.7 »1 % D M E 
0.06555 0.04936 0.72(118 0.71701 0.71370 0.71061 0.70735 
0.04528 0.03410 0.72595 0.72120 0.71784 0.71311 0.70909 
0.03761 0.02832 0.72472 0.72217 0.71957 0 71662 0.71414 
0.02345 0.01766 0.73278 0 72918 0.72524 0.72145 0.7188! 
0.013 58 0.01022 O.73018 0.72950 0 72560 0.72343 0.72093 

74 3 \vl % D M E 
(1.04938 0.04600 0.1W22 0.69040 0.68784 0.68454 0 68103 
0.04 3 95 0.03593 0 69481 0.69112 (1.68948 0.68915 0.68415 
0.037311 O.0305O 0.69485 0.68706 0.68409 0.68047 0.67566 
0.01967 0.01832 0.69531 0.68578 0.68472 0.68234 0.67728 
0.01443 0.01405 0.69800 0.68870 0.68710 0.68222 I).67874 

Table ( lb) Electromotive force of the cell (A) for bis H + at different temperatures. 
in, And Kg' 1 inVniol Kg' 1 Ecorr/Volt 

25 °C 30 °C 35 -C 40 °C 45 "C 
Pure aoueous medium 

0.04860 0.03858 0.82352 0.82221 0.82047 0.81886 0.81670 
0.04234 0.04689 0.83572 0.83439 0.83228 0.83104 11.82905 
0.03016 0.02984 0.84048 0.83941 0.83717 0.83568 0.83400 
0.02286 0.O18U 0.84058 0 83963 0.83788 0.83615 0.83536 
0.01092 0.O095Q 0.85957 0 85931 0.85817 0.85605 0.85597 

12.1 w i . % D M E 
0.05122 0.05672 0.82947 0 82635 0.82435 0.82274 0.82183 
0 04163 0 04610 0.S37I8 0.83139 0.83521 0.83371 0.83233 
0.03490 0 03865 0.83566 0.83478 0.83151 0.83469 0.83473 
0.02119 0.02347 0 84674 0.84668 0.84751 0.84760 0.84713 
0.00955 0.00959 0.85677 0.85882 0.85985 0.85906 0.85775 

27.2 «1. % DME 
0.04897 0.05423 0.80609 0.80462 0.80481 0.80349 0.80367 
0.04073 0.04511 0.81082 081081 0.80952 0.80863 0.80726 
0 03072 0.03411 0.81402 0.81370 0.81448 0.81132 0.80903 
0 01798 0.01991 0.82188 0.82259 0.82145 0.82004 0.S1S61 
0 01183 001310 0.83469 0.83531 0.83388 0.83212 0.83073 
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Cont table ( lb ) 
m g/mo! Kg"' mVmol Kg" Ecorr/Voll 

25 °C 30 °C 35 D C 40 °C 45 °C 
48.2 H I . % DME 

0.05192 0.05749 0.77354 0.77233 0.77068 0.76805 0.76665 
O.II3383 0.03746 0.77839 0.77691 0.77546 0.776.13 11.77155 
0.02174 (1.02407 0.77822 0.77639 0.77521 0.77335 0.76997 
0.01870 0.02073 0.77889 11.78072 0.77872 0.77821 0.77615 1 
0.01395 0.01371 0.78499 0.78400 0 78242 0.78091 0 78067 

79.3 HI . %DMF. 
0.04810 0.04759 0.72269 0.71700 0 71385 0.70999 0.71603 
0.04009 0.04419 0.731 II 0 72641 0.72355 0.72005 0 71581 ; 
0.02951 0.01268 0.73191 0 72661 0.72428 11.72082 O 71646 
0.02216 0.02454 0.73405 0.72947 0.72664 0 72513 0.72060 
0.01141 0.01264 0.74235 0 73923 0.73511 0.73178 0 72856 

The values of E " for the A g C l / A g electrode in the solvent mixtures, the values for density, 

and the Debye-Hiickei constants A and B are from previously published data [9). 

The observed p ( s K) U n values (moial) at each solvent composition and temperature are 

listed in Table 2. The P(SK)BII4 value derived in this way was fitted to equation 2: 

p K = A _ A 2 + A 3 T ,2). 

where T is the Ke lv in temperature. The constants A | , A 3 , and A i were evaluated by a computer 

program based on the method o f orthogonal polynomials outlined by Please[10] The standard 

thermodynamic quantities for the acidic dissociation of the protonated form of tris and bis in the 

various water /DME mixtures were calculated by the application of the usual thermodynamic 

formulae to equation 2. The following expressions for the standard changes of Gibbs energy 

(AG"), entropy (AS"), and enthalpy (AH°) were derived. 

(AG°)=-RT In K=2 3 0 2 6 R ( A , - A 2 T + A 3 T Z ) , 

(AS") =-dAG°/dt = 2.3Q26R ( A 2 - 2 A 3 T ) 

(AH°)= AG° + T A S " = 2.3026R (A1-A3T2) 

Values of p ( ,K) N BH+ on the mole fraction scale were computed from the corresponding 

values of p( s K)nn + on the molal scale by the usual relation. The resulting values were fitted to 

equation 2 and the constants A i , A 2 and A 3 were evaluated and are collected in Table 3, for both 

indicators 
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Table 2 . The acidic dissociation constants p( 5K.)B 1T as a function of composition and temperature 
(on molal scale) 

pK (obs ) of ins H 
DME 25 "C 30 "C 35 °C 40 °C 45 °C 

0 8.088 7.937 7.829 7.663 7 566 
108 7 916 7.799 7.662 7 534 7.431 
27.5 7.625 7.500 7.368 7 26(1 7.151 
48.7 7 501 7 409 7.272 7 17') 7.094 
74.3 7 8(15 7.7(1' 7.574 7.491 7.429 
11 % pK (obs.)orbisH' 
D.vii: 25 -C .ilt'-C 40 °C 45 °C 

0 8 777 8.650 8.512 8.165 8.267 
12,1 8 764 8.715 8.896 8.490 8.397 
272 8.598 8.515 8.383 8.263 8.130 
48.2 8.105 8 052 7.909 7.821 7.711 
79.3 9.093 8 926 8839 8.725 8.615 

Table (3) Values of the constants (A, , A i , A J in Equation 2. and the values of p^K) \ u for 
tris H ' and jis H H at different temperatures (on mole fraction scale) 

',Vt. % A | A; P f - K l V 
DME 25 °C 30 °C 35 "C 40 °C 45 °C 

(ill iris H" 
0.0 3549.7020 5.32672 0.01091 9.831 9G89 9.554 9.424 9.304 
10.8 1509.0550 -7.30070 9.625 9.4% 9 369 9.245 9.127 
27.5 2957.8100 2.74734 0.009180 9.262 9.133 9.010 9 89 1 8.781 
48.7 4856.3100 16.12496 0.007004 9.041 8.921 8.810 8.707 8.615 
74.3 9910.3720 49.42485 0.02978 9.164 9.041 8.935 8.847 8.717 

0.08502 
<bj bis H" 

0.0 5202.5420 15.56203 0.2898 10.527 10,384 10.251 10 126 10.010 
12.1 -6129.3710 -56.01292 -0.08379 10.474 10394 10303 10.202 10.090 
27.2 -7131.4190 -63.6409 -0.09889 10.240 10.140 10.028 9903 9 766 
48.2 -1443.9380 -24.86867 -0.03480 9.650 9.556 9.459 9.360 9.258 
79.3 7143.3350 29.11866 0.05216 10.390 10.256 10.114 10.025 9.927 

The solubilities S of tris and bis in pure water and in aqueous mixtures of D M E at the five 

experimental temperatures together with their relative deviations are recorded in Tables 4a and 

4b. Variation of the solubility with the temperature for each solvent composition was expressed 

by fitting log S (mole fraction scale) at different temperatures by the method of least squares 

according to equation (3): 

log S = A , + A 2 / T + A , l n T (3) 
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Table (4a) Solubilities (mol kg' 1) of iris in water/1,2-dim el ho xy ethane solvent mixtures at 
different temperatures 
m, *» 
DME 

20 °C 25 "C 10 °c IS "C 40 «C m, *» 
DME s • i d r d ' . s i d r d " . s .i d I d ' . a d r.d'o s a d r.d".. 

II0 M l II 17 sus Ü6S (• SI 0 01 I l l 1 211 007 0.57 7 76 001 0 10 

IS.'if (7.161 

•I A 4.» 0.01 (J 11 4 96 OJU 0.0(1 Í.Í1 fills 1.91 611 0.01 016 6. J 1 ; 0.04 •39 

M.JO 2 90 0,02 J IS tun 0 61 166 OM 0.0(1 4 JO 0.03 0.71 J 77 0.07 042 

4H.JI1 i .n O.OÍ 0!« 201 04)1 0 *" 2.26 0.01 0.44 160 0.01 o.n 1*1 DDI 1.04 

70.9 0711 o.ori 0.1* 0.7)1 0.001 0.13 0.9 J 4 0.000 109 IN 000 0.0(1 1.12 11.110 0.00 

MOD 0.0199 d m u 0.50 00219 o.ooo 0.11 (J .0277 (1 M i l 1.1 K 111 0.0126 0. U[IUI 0.11 0.01 SI (J .11(11 II !2 

Table (4b) Solubilities (mol kg' 1) of bis in water/I,2-dimethoxyethane solvent mixtures at 
different temperatures. 

M . 20 •(.' 25 °C 1(1 T .15 °C 40 T 
DUE s ad Id - . id rd'. s id rd". s i.d r . d " . s id id". 

000 10 11 0111 Oil .'• o n 0.« 26 Til 000 000 I I I 4! 0.02 0.07 3J.3G 0.00 II mi 
M 16 )6 (1II" OJS 19.41 •j ü: 0.10 12.19 :: M DM 26» (Mil 004 JO. JI 0.0) 0.16 
10.1 13 17 0.04 0.33 14 7S (JUG 0 41 17.™ II t l 019 21 19 ii M 0.19 2J.J) II I I I 0.01 
111 »77 0.0) 0)1 116) OOIJ 0.00 IJ 12 • n 0.14 16 5! 005 030 1 •> 711 002 0.10 

14.7 6JS 0.0) O.J] 7.69 II 1)1 0.19 9 12 i l 03 0.22 10 9) 0.0) 0.46 12)9 IJ [X. 0 JH 
lllj fi II W 1 II(JU2 il i l 0.426 0.006 1.41 0J6Í 0 004 d 9J • I D II 002 0.3J 0)11 (1 [Kl 1 II 19 

The standard thermodynamic quantities A G " , A H " , and A S " for the dissolution process were 

derived by application of the following thermodynamic relationships: 

A G 3 - - 2 303 R T logS = - 2 303R [A.T+Ai+AjTInT] (4) 

A S " = -dAG°/dT - 2.303R [A, + A , +A,lnT] (5) 

A H " = A G U + A S " - 2.303R [- A ; + A,T!] (6) 

These values at 25 "C are listed in Tables 5a and 5b The standard free energy change , AG"i (B) . 

accompanying the transfer of the two indicators from the standard state in water to the standard 

state in the water /DME mixture, was computed at 25 "C (Table 6) using the following 

relationship: 

A G " i (B) = A,G° (B) - Au,G° (B) = 2.303RT log ( S J S . ) (7) 

where s and w refer to water and the mixed solvent, respectively 

Table (5a) Thermodynamic functions calculated from the solubilities o f tris in water/1,2-
dimethoxyethane mixtures (on mole fraction scale). 

W1 % S(obs)/inol kip Steal )/mol kg'1 A AU°/ &GV 
DME Umol 1 kjmol 1 ImoT'K-1 

1= 25 =C 
0.0 0.0955 0.0960 0.0005 5.81 12.95 24.0 

9.4 0.0B81 0.0886 0.0Q0S 6.01 14.41 28.2 

30.5 0.0727 0.0724 0.0003 6.51 18.08 38 8 

48.5 0.0561 0.0560 0.0001 7.14 18.12 36.8 

70.9 0.0304 0.0325 0.0021 8.50 24.24 528 

100.0 000215 0.00213 0.00002 15.25 24.45 30.8 
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Table (5b) Thermodynamic functions calculated from the solubilities of bis in water/1.2-
dimcthoxyelhane mixtures (on mole fraction scale) 

«1. % DME SfobsJ/nio! 
kg ' 

S[C;il jVmol AC/ 
kJiiio!"' 

AH"/ 
kJmol ' 

AG" ' 
ImoT'K'1 

t- 25 "C 
0.0 

9.4 

30.2 

48.2 

74.7 

100.(1 

0.298 

(1274 

0 259 

(1.255 

0.254 

0.0370 

0 296 

0.273 

0 259 

0 255 

0 254 

00373 

0.0112 

0.(101 

0.001) 

o.ooo 
una 
0.0(103 

3.02 

3.22 

3.35 

3.39 

3.40 

8.16 

13.38 

16.12 

19.65 

18 92 

19 24 

12.04 

34.8 

43.1 

54.7 

52,1 

53.1 

13.0 

The effect o f enriching the aqueous solvent with D M E on altering the dissociation of 

trisH* and b i s H ' at 25,30, 35, 40, and 45 "C is given in Table 3. It is clear that the solvent effect 

is similar at all five experimental temperatures Addition of D M E first reduces the value o f 

p( s K) N i j | i" until a solvent composition o f about (50-60) wt% minimum is reached, after which 

p ( , K ) \ i i " rises steeply upon further increasing ihe solvent composition Since the reaction B H 

+ SH = B + S H ' 2 i s isoelectric, the variation of pK may not be much influenced by the dielectric 

consiatnt of the medium p( .K) K mi ' decreases, i e the basicity of the solvent increases, and the 

base is poorly solvated ai higher percentage composition o f D M E . Figures 1 and 2 show a 

comparison of these results with ihose obtained earlier for both protonated bases in various 

aqueous organic solvent [3,4,11-14] systems ai 25 "C l l is easy to predict that tris has the 

strongest preference for N M 2 Py > N M P > D M E > P G > M e O H > M C S > D M S O > E G , while 

for bis, the order of decreasing basicities is N M 2 P y > D M E > D M S O . 

Figure 3 compares the acidic dissociation constants for the protonated forms of bis, tris, 2,2 -

bipyridine, and l,10-phenanthroline[15]. A minimum is observed at nearly about 60-80 w l % of 

D M E . Thus, the trend o f changing basicities in water is 

bis > tris > pben. > bipy . 

The lower basicity of tris relative to bis may be due to the hydrogen-bonds formed between water 

and the three hydroxy groups o f tris make the solvent interaction with the basic nilrogen atom 

more difficult. A more likely explanation is that the presence of hydroxy group tempers the 

inductive effect of the substituent alkyl groups, known to lead to an enhancement o f the strength 

of nilrogen bases. Addition of D M E solvent to H : 0 up to a composition of 50wt. % lowers ihe 

p K , of bis by 0.9 unit as compared with 0.8 unit for tris. This difference, as well as the lower pK :, 

of tris, is probably attributed to the enhanced stabilization, through hydrogen-bonding with 

water, of tris as compared with bis. 
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30 to CO f> ". 

wt.% of organic soEvenl 
Fig. (2): Variation of p O ^ e / o f bis H 'n i ih 

wt % of organic solvent mixtures EII 25 °C 

wt.% of organic solvent 
Fig. (I): Variation of pfaK)KBH* of Iris H* nitli 

wl. % of organic solveni mixlurcs Ai 25 D C 

wt.% of 1.2- dhnethoxyetliane 
Fig. (3): Values ofp(sK)Nrjii" of different Protonaled bases 

in warer/1.2- dhneiliovvelliane solveni mixtures at 25 Ù C 
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The lower basicity of 2,2'-bipyridine than 1,10-phenantliroline may be due to the presence of lone 

pair of unshared electrons on the two nitrogen atoms in the rings which does not share in the 

formation of K- cloud of the azine ring Due to the presence of the steric effect in the isolated 

system, which causes the two azine rings to be perpendicular to each other, i.e there wil l be no 

conjugation, and accordingly the basicity wi l l be decreased. For 1,10-phenanthroline which 

contains two lone pairs of electrons on the two nitrogen atoms, may present a rigid planei 

structure, i.e it possesses more hybride structure which leads to the increase of basicity. 

In order to understand the eifect of solvent on the equilibrium, we have calculated the free 

energy change accompanying the transfer process, AG*(diss), of tri H ' and bis H ' dissociation 

from H j O to the mixed D M E - H ; 0 solvents on the mole fraction scale at 25 °C. This fiinction is 

given by the equation 

AG," (diss) = 2 . 3 0 2 6 R T [ p ( f A ' ) ^ i + - p ( w / i ) J j f f + ] (8) 

= AG ,°(H') + A G " ( B ) - AG" (BH") (9) 

Equation (9) may also be expressed in an equivalent form as: 

= AG,"(HCI) + [ A G ; ( B ) - A G ; (BHCI)] (io) 

The different thermodynamic quantities, i.e., AG," (diss), AG," (B), AG," (BHCI) , and 

[AG,°(B)-AG;(BHCI)] have been evaluated and represented in table (6). Values of AG," (CT) 

[16] and the total free energy o f transfer, AG," (BH*) in mixtures of H 2 0 - D M E (computed from 

equation (9) together with the values of, A G ° ( H + ) which is easily obtained from the relation 

A G ^ { H + ) = AG^ (HCI) - AGJ(C1") are also represented in Table 6 

Var ia t ion of AG," (diss): An examination of AG," (diss) values (Table 6) for t r iH + and b i s H + 

shows a decrease initially with the addition of D M E . These results suggest that the 

equilibrium ( B H 1 <=> B+ H") is favoured for triH* and bisH* in the mixed solvent than in pure 

water and the behaviour is not consistent with simple Born electrostatic equation. On further 

increasing the organic solvent composition , AG° (diss) increases again. Therefore, the solvent 

basicity plays an important factor on this equilibrium. From equation (10) it is seen that 

A G " (diss) is a composite function o f A G ° (HCl) and A G f ( B ) - A G f ( B H C l ) , while 

•t 
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AGV'tHCI) increases continuously wi lh the addition o f D M E ; | / A G ° ( B ) - A G ° ( B H C I ) | 

continuously decreases Therefore the observed minimum in AG," (diss) in the two cases may 

thus be due to the opposite variation of the above two factors, the dominant factor being 

[iG5'(B)-(AG' [ ' (BHCI)] up to 6 0 S D M E The increasing values o f AG,"(diss) at higher 

con central ion of D M E arises due to the dominance of i G " ( H C I ) over the other factor 

AG'/'(diss) consists of an electrostatic and a non-electrostatic pan. A comparison of the 

results o f A G " I K l n t ! | for the acidic dissociation processes of protonaled tris and bis in water-DME 

with those obtained for both protonaled bases in other organic solvent mixtures[j,4.11-14] is 

represented in figures (4a-4b). Inspection of these figures indicates that D M E is almost more 

basic solvent than any o f the other solvents Bates and Popovych[18,19] studied the basicity 

effect ( A G J ' n , ^ ) for iris H ' and N H / ion in H j O - M e O H solveni mixtures They assumed (hat 

it displays considerable uniformity and consistency for all charge types and it could be regarded 

as a solvent parameter and is best characterized as a measure of the increase in basicity of the 

medium. Since the values of A G " n o n e j (diss) are found to be inconsistent for all these charge 

lypes indicators which invalidate the assumption of Bates and Popovych and lend support to the 

vicw[20] (hat the overall behaviour of protonaled amines with different chemical nature and also 

wilh different solvophilism is largely dictated by solute-solvent interactions besides the effect of 

the relative solvent basicities. 

Variation of A G ° (B): It is noticed that, for tris and bis compounds, values o f A G ° (B) (Table 

6) increase positively and slowly with increasing organic solvent. This indicates that, they are 

mere strongly stabilized by water than by the organic solvent. The higher values of A G ° (B) 

obtained for tris than for bis may be interpreted as dueto: water stabilizes tris compound (3-OH 

group)more effectively than bis (2-OH group) through solute-solvent interactions. 

For the case of 2,2'-bipyridine and 1,10-phenanthroline bases, values of A G ° ( B ) a r e 

always negative. The presence of the azine and aromatic rings which are hydrophobic in nature, 

showed a greater affinity towards the organic solvents, resulting in increasing negative 

contributions to A G ° ( B ) values. Accordingly solvation through hydrogen-bonding has a small 

effect as compared to the dispersion interaction with the aromatic nuclii, and the hydrophobism 
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of the base is presumably the largest single factor causing an increased affinity of the base 

towards the organic solvent. The presence of resonance between the lone pair o f electrons on the 

Iwo nitrogen atoms and the azine rings for 1.10-phenanthroline may lead to a difference in the 

cxlcnt of the interaction of the two bases with the solvent dipoles F ig (5) represents a 

comparison between A G ° ( B ) w i t h the corresponding values obtained in other aqueous organic 

solvent[3,4,l 1-14] mixtures It is clear that the order of non-spontaneity is: 

H : 0 - N M P > H ; 0 - D M E > H , 0 - M e O H > H 2 0 - M C S >HjO-EG 

This behaviour is in accordance with the previous comment that tris is essentially 

hydrophilic in nature[l 1], which is possibly due to the participation of the three terminal hydroxy 

groups and the amino group in the hydrogen-bonded structure of water, which naturally becomes 

less important with the decrease in the proportion of water in the mixed medium. 

Since, the acidity o f the hydroxyl group in (MeOH), ( M C S ) . and (EG) is weaker than that 

in pure H 2 0 due to the inductive effect of (-CHj) group in M e O H and the intermolecular 

hydrogen-bonding present in the two other organic solvents Therefore, H : 0 wil l be less basic 

than any of these solvent mixtures. The methoxy groups, ( -OCHi) , which attached to the two 

flexible etherial oxygen atoms, make D M E more hydrophilic and more basic than the above 

organic solvents by inductive effect These differences in solvent basicities wi l l in turn affect the 

interactions beiween the lone pair of electrons on the N H j group of tris and the hydrogen atom of 

the solvent mixtures. The resulting values of AG° (B) should thus be expected to increase 

continuously as has been found experimentally. As far as aqueous N M P mixtures are concerned, 

the non-aqueous component being protophilic in nature, this means that they are more likely to be 

weaker solvating media for tris as compared to other solvents. 

Variat ion of AG?(BHCI): From Table (6) it is seen that, A G ° ( B H C 1 ) for tris and bis-

hycrochlorides increases with increasing organic solvent composition, which suggests that they 

are more strongly solvated by water than by the mixed solvent. The higher values of 

AG° (BHCI) obtained for tris HCI than bis HC1 may be explained as due to structural effects as 

discussed before. On the other hand, values of A G ° ( B H C I ) for 2,2-bipyridine and 1,10-

phenanthroline are found to be negative and decrease initially and thereafter increase with 

increasing addition of D M E . This indicates that, with the first addition o f the solvent the 

hydrochloride of these bases are better solvated by the organic solvent than by water. Fruitful 
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discussion on the transfer energies for neutral ion combination is possible with knowledge of the 

transfer free energies o f individual ions in this solvent system. 

wt.% of organic solvent 
Fig. (5) values of AG", (B) for transfer of Iris from 

water (o water- non- aqueous organic solvents at 25 °C 

wt% ornon-aqueous solvent 
Fig. (6) values of i f f ^ i ) for G , tris. IT. and H* ions 

from water to water/1.2 -diuietiio.vycthane at 23 °C 

Variat ion of A G " (BH*): Table (6), shows that a general trend of increasing negative values o f 

A G ° c h ( B H ~ ) with increasing the organic solvent content in the medium. Tris H + a n d bis.H* 

ions are likely to be solvated in the mixed solvents through the partially protonated hydrogen 

atoms attached to the nitrogen atom and the negatively charged oxygen center of the solvent 

dipoles[16], where the negative charge densities on the two oxygen atoms in D M E is greater than 

in H i O and since the ions have terminal hydroxyl groups and the overall species is positively 

charged, solvation may also occur through these terminal hydroxy groups, imparting an 

increasing negative contribution to A G ° c h ( B H ' ) . Apparently, the number of solvation centers of 

tris.H* is six, while for b i s .H + is five leading to more negative values in A G ^ i B F T ) for 

bis . lT. 
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For the case of 2,2-bipyridinium and 1,10-phenanthrolinium ions, the presence o f 2 (NH) ' 

groups, may also be taking part in the solvation with the solvent dipoles Thus, the nature of 

interaction of the groups in both protonated bases would be similar, since they can not show 

resonating structure. This effect causes values of A G ' | ' [ n ( B H ) to be approximately the same 

Therefore, the difference in the solvent effect on the dissociation of both cationic acids reflected 

in A G " (diss) values is primarily due to the difference in A G " (B) values for the two bases 

Although A G ) ' 1 . | ( B H , ) for all these studied bases is positive in the region of (50-90) wt % D M E 

due to the higher dielectric constant of water than any of the mixed solvents, the observed overall 

values of A G | ' C | , (BH*) are negative, which indicates that the solvation of B H ions arising from 

specific ion-dipole interactions outweighs the electrostatic or the secondary solvation effect[21) 

Fig. (6) compares values of A G " e h (tris.H"), A G ^ i C f J a n d A G " d l ( H ~ ) in H , 0 - D M E with 

those obtained in aqueous mixtures of M e O H and M C S . It is observed that, values of 

A G ) ' d l ( B H ) usually decrease with increasing the wt.% of the studied solvents and the most 

stabilization of t r is .H' takes place in H ; 0 - D M E which confirms the higher basicity of D M E than 

the other solvents as already explained before. A G " c h (Cf) increases monotonically in H 2 0 -

M e O H mixtures, whereas the values in H : 0 - D M E or H 2 0 - M C S become increasingly positive up 

to about 40 wt. % o f the solvent beyond which the values assume less positive values resulting in 

a distinguished maximum Since, the positive charge on the hydroxyl hydrogen alom in water is 

greater than in D M E , M e O H , or M C S due to inductive effect, it is expected that the transfer of 

chloride ion from water to aqueous mixtures of these solvents would be increasing positive with 

increasing the solvent content as experimentally found in H 2 0 - M e O H mixtures. The observed 

maximum in either H ; 0 - D M E or H - O - M C S is however, difficult to be explained. A G ° c h ( H T ) 

increases negatively with increasing the solvent composition for all studied systems This 

indicates that despite the positive contribution to A G ° c | j (H*) in these aquo-sol vents, the stronger 

protophilism o f the organic solvent plays the important role in controlling this behaviour than the 

electrostatic effect. 

Now, from the trend o f changing A G U I S H * ) as well as A G ° c i l ( H + ) with solvent 

composition, the trend of changing basicities of the organic solvents decreases in the order D M E 
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> M e O H > M C S . This result has been earlier suggested during the interpretation of the 

thermodynamic transfer parameters o f tris and bis in these mixed solvents. 

Var ia t ion of A H and A S or transfer for various species: 

It is evident from AS° (diss) (Table7), that the values are generally negative. This observation is 

found consistent with the result obtained for glycine in D M E - H ; 0 [ 2 2 ] and in l,2-propanediol 

mixture[22]. These results have been explained as follows[5]: The mixed aqueous solvents are 

less structured than pure, HiO, therefore they can be regarded as offering less resistance than pure 

H j O to solvent reorientation For this reason, ions or centers of charges, wi l l orient solvent 

molecules more readily in these mixed media than in water, which results in negative AS," (diss). 

From Table 7 the observed increase in values of AS" (tris) or AS"(bis) indicates decreasing order 

of the mixed solvents around the hydrophilic groups (-CHjOH) in the two molecules through the 

reinforcement of the hydrogen - bonded three dimensional structure "bulky iceberge" of liquid 

water induced by hydrocarbon moieties of the solvent. On further addition o f D M E , however, the 

"Supernormal" structure is rapidly broken up with the commencement of formation o f the D M E -

H j O hydrogen-bonded associates, the so-called two-dimensional structure[ I ]. 

From Table 7 it is clear that higher observed negative values of AS,°(HCl) as compared with 

(tris H C l ) or A S " (bis H C l ) in all solvent mixtures suggest that H C l is more effective in orienting 

solvent molecules i.e the net amount of order created by H C l in H 2 0 - D M E solvents is more 

than in H 2 0 and accordingly, it may be responsible for the general increase in the negative values 

of the transfer entropy for the composite process ASi°(diss). 

Table (7) Values of the enthalpies and entropies of transfer for various species involving 
protonated base, base, base hydrochloride and H C l in H j O - D M E solvent at 25 " C . 

in. % (NS H" (ris His HCl HCl 
DME AHVdissy 

k Jiuol1 

as°, (dissy 
Jmc-l-' K' : K Jniol' 

as", (By 
K Jmo!1 

3H°,(BHCiy 
K Jmol' 

iS°,(BHC!)/ 
Jmol'K-' 

AH°rfHCI)7 AS°,(HC!)7 
K Jinol-' Jnior'K'1 

10.8 -4.89 -12.5 1.46 4.2 6..14 15.6 0.02 -11 
27.5 -4.69 •4.9 5.13 14.X 8.01 11.2 -1.81 -8.5 
48.7 -7.10 -8.7 5.17 12.8 4.97 -10.5 -7.30 -32.0 
74.3 4.36 -1.9 11.29 28.8 -2.15 -53.3 -17.80 -84.0 
100 11.5 6.8 

bis. IT Bis bis HCL HCl 
12.1 -25.04 -82.9 8.5 2.74 27.76 89.9 0.02 -1.5 
27.2 -18.52 -56.6 19.9 6.27 23.09 68.0 -1.70 -8.5 
48.2 -18.71 -45.9 17.3 5.54 17.25 42.2 -7.0 -3O.0 
79.3 -2.29 -5.0 16.4 529 -11.62 -78.6 -19.2 -100.0 
100 • 11.2 1.86 

AH,° (BHC1) = AH°(HCI) + AH,°(B) - AH," (diss), AS,° (BHC1) - AS,"(HC1) + AS,"(B) - AS," (diss), 
AH," (B) = &,rT(B) - AH°(B), AS," (B) = A SS'(B) - AS°(B), * These data are taken form reference (9). 
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Experimental 

Tris and bis (B D . H . , A . R . ) were recrystall ized from a water methanol mixture and pure 

methanol (MeOH) , respectively, followed by drying at 105 "C and 55 °C and stored over 

anhydrous calcium chloride (m.p. of tris. = 171 °C) (m.p. o f bis=l 10 °C). D M E (Aldr ich grade 

type) was first purified by refluxing with lithium aluminium hydride overnight, then distilled 

The middle fraction was then used (b.p 84 5 °C) 

High purity water (specific conductivity less than 0.7x10'* ft"1 cm' 1 ) was obtained by 

double distillation o f deionized water. Standard aqueous stock solutions o f hydrochloric acid 

were prepared from constant-boiling acid and standardized by gravimetric determination o f 

chloride as silver chloride. 

Hydrogen electrodes used were of platinum foil freshly covered with platinum black from 

Beckmann Instruments platinizing solution. Silver chloride electrodes were the electrolytic lype 

prepared according to Brown.[8] In this work, the all glass cell without liquid junction has been 

described previously.[4] 

Buffered stock solutions were prepared by dissolving an accurately weighed quantity of 

tris or bis in a known weight o f standard hydrochloric acid in a measuring flask. Buffer solutions 

of five different ionic strengths between 0.01 to 0 05 mol kg" 1, were prepared for each respective 

solvent composition by mixing accurately known quantities o f the buffered stock solutions, o f 

D M E , and of conductivity water in 50 mL measuring flasks 

The emf values were measured using a precision Decade Pye potentiometer (model 7600) 

of resolution 0.1 m V . A moving coil galvanometer (type Nok 104) which has a sensitivity o f 73 

mm/uA was used as a null detector 

The cell was kept at constant temperature in a Colora K - 5 type Ultra thermostat of 

resolution 0.01 "C. The emf measurements were made at intervals of 5 °C from 25 0 to 45 °C. 

Readings were taken at periods of 10-15 min until 2 or 3 successive readings were constant 

within ± 0.1 mV. About 2-3 h were required for the attainment of the equilibrium at 25 "C and an 

additional 1-1 5 h for each higher temperature. 

The solubilities o f tris and bis were determined according to a previously reported procedure[4] 

Three aliquots from each of the filtered saturated solution were analyzed. 
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Influence de la Déformation Plastique sur les Propriétés des Films de 
Passivation Formés sur les Aciers Inoxydables. 

Relations avec la Corrosion Sous Contrainte 
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Résumé 
La recherche concerne la corrosion sous contrainte de l'acier inoxydable du type AISI 304 dans 
les solutions concentrées de H j B 0 3 additionnées de NaCl et portées à l'ébullition. La 
caractérisation des films passifs est conduite sur des éprouvettes soumises à l'action des 
millieux corrosifs soit dans l'état recuit soit dans l'état écroui. L'étude montre que la 
déformation plastique du substrat métallique réduit très fortement la résistance de polarisation, 
la stabilité vis-à-vis de la réduction cathodique et modifie la réponse obtenue par mesures 
d'impédance. Par ailleurs, les mesures de capacité et l'application de la méthode de Mott-
Scfaottky montrent que l'effet de l'écrouissage est plus marqué quand la senti-conductivité des 
filins est de type p. L'étude associe aux deux types de structure électronique (type n et type p) 
deux formes de distribution de charges électriques (de signe opposé) entre la zone de charges 
d'espace et celle des dislocations présentes dans les couches superficielles du substrat 
métallique. 

Mots clés: corrosion sous contrainte, déformation plastique, propriétés des films passifs. 

Abstract 
This investigation deals with the stress corrosion cracking of AISI 304 stainless steel in 
concentrated boiling H.iBOj solution with NaCl additions. The characterisation of the passive 
film was carried out using samples submitted to the corrosive environment, in both the annealed 
and cold worked states. The study shows that plastic deformation of the metallic material 
reduces polarisation resistance and film stability (in terms of cathodic reduction). Furthermore, 
from the capacitance measurements, using the Mott-Schottky approach, it can be concluded that 
the influence of plastic deformation is higher when the passive film reveals p-type conductivity. 
Based on the electronic band structure of n-type and p-type semiconductors, a representation for 
a possible correlation of charges of opposite sign between space charges and near surface 
dislocation is given. 

Key words: stress corrosion, plastic deformation, passive film properties. 
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