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Ab stract
Con duc ti vity can ser ve as a tool to study ion pro per ties in dif fe rent sol vents. In the cur rent study, prin ci ples of the glo -
bal mo del ling of the con duc ti vity da ta mea su red at dif fe rent con cen tra tions and tem pe ra tu res are de mon stra ted. Glo bal
mo del was de ve lo ped on the ba sis of two mo dern con duc ti vity theo ries; the low con cen tra tion che mi cal mo del and the
Quint-Vial lard mo del. It was te sted on three dif fe rent systems; Na Cl in wa ter, Na Cl in wa ter-1,4 dio xa ne mix tu re and
Mg SO4 in wa ter. It tur ned out, that such ap proach suc cess fully des cri bes all the mea su red ex pe ri men tal da ta si mul ta ne -
ously. The ap plied glo bal analy sis of the ex pe ri men tal da ta al lows de ter mi na tion of the ther mody na mic pro fi le of ion
pai ring pro cess and the trans port pro per ties of ions at the sa me ti me. 
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1. In tro duc tion
The tem pe ra tu re and con cen tra tion de pen den ce of

the elec troly te con duc ti vity is one of the most ap pro pria te
and pre ci se met hods for stud ying ion-ion, ion-sol vent and
sol vent-sol vent in te rac tions in so lu tions. It has been in ten -
si vely ap plied sin ce the be gin ning of 20th cen tury, but a
sig ni fi cant pro gress has been ma de du ring the last de ca -
des. Eva lua ting the con duc ti vity wit hin the fra me work of
pre sent elec troly te theo ries re qui res na mely high ac cu racy
in mea su re ments which is dif fi cult to ac hie ve over a suf fi -
ciently lar ge tem pe ra ture ran ge. This prob lem has been
suc cess fully sol ve d re cently with the help of con tem po -
rary equip ment.1,2 Thus, de ter mi na tion of pre ci se tem pe -
ra tu re-de pen dent elec tric con duc ti vity da ta is no wa days
mo re user-friendly what ma kes this met hod in te re sting
and ap pea ling again. 

In re cent years, impor tant theo re ti cal pro gress has
been ma de by the im ple men ta tion of che mi cal mo dels of
elec troly te so lu tions. Through the years, they ha ve been
pro gres si vely de ve lo ped for di lu te so lu tions, star ting with
the Koh lrausch and the On sa ger mo dels to mo re sop hi sti -
ca ted Bart hel’s low con cen tra tion che mi cal mo del (lc -
CM)3 and the Quint-Vial lard (QV)4 mo del. First two mo -
dels can pro vi de in for ma tion only about li mi ting mo lar
con duc ti vi ties whi le the last two ta ke in to ac count al so ion
pai ring. 

Apelb lat re cently re-exa mi ned the con duc ti vity da ta
of di ver se electroly te systems by help of the QV con duc ti -
vity equa tions.5–9 It was ob ser ved for symme tri cal elec -
troly tes that the li mi ting mo lar con duc ti vi ties of elec troly -
tes at infi ni te di lu tion, Λ0

T, are very si mi lar ir res pec ti ve of
the ap plied con duc ti vity equa tion, whe reas the de ri ved
ion as so cia tion equi li brium con stants, KT, can vary con si -
de rably. 

Des pi te mo dern com pu ters and pro grams, da ta eva -
lua tion is still qui te a ti me con su ming pro ce du re. First,
one has to analy se da ta at each tem pe ra tu re se pa ra tely to
ob tain Λ0

T and KT. Then, from tem pe ra tu re de pen den ce of
KT, the stan dard Gibbs free energy, ΔG°

T, ent halpy, ΔH°
T,

and en tropy, ΔS°
T, of the ion pai ring pro cess can be cal cu -

la ted. In or der to re du ce the steps in the es ti ma tion of the
ther mody na mic func tions of ion as so cia tion we pro po se a
glo bal analy sis of the con duc ti vity da ta. Glo bal mo dels
are usually ap plied to the set of ex pe ri men tal da ta ob tai -
ned from dif fe rent tech ni ques at dif fe rent tem pe ra tu res,
con cen tra tions etc. They im pro ve the ra tio bet ween the
num ber of ex pe ri men tal points and the num ber of ad ju -
stab le pa rameters and to so me ex tend re du ce cor re la tions
bet ween ad ju stab le pa ra me ters. They ha ve been fre -
quently and suc cess fully used in biophy si cal field as
shown by Lah and Ve sna ver.10–12

In this pa per, we de mon stra te a glo bal analy sis of
the li te ra tu re con duc ti vity da ta for  di lu ted so lu tions of 
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Na Cl in wa ter and in wa ter-1,4 dio xa ne mix tu re13 and 
Mg SO4 in wa ter14 re por ted in the tem pe ra ture ran ge from
278.15 to 308.15 K. The results, (Λ0

T, KT and ther mody na -
mic func tions of ion pairing pro cess) ob tai ned by the glo -
bal analy sis, are com pa red to t ho se ob tai ned from the in -
di vi dual fits and dis cus sed in the light of pos sib le ad van ta -
ges and di sad van ta ges of both ap proaches. 

2. Glo bal Model Analy sis 
of Con duc ti vity Data

The ion pair for ma tion of a symme tri cal elec troly te
XY can be writ ten as 

Formula (1) 

The equi li brium con cen tra tion s a re equal to
cXz+ = cYz– = αc and cXz+Yz– = (1 – α)c whe re c is the to tal
elec troly te con cen tra tion and α the de gree of ion pair dis -
so cia tion. Thus, the equi li brium as so cia tion con stant, KT,
can be ex pres sed as

Formula
(2)

The ac ti vity coef fi cients of the in di vi dual spe cies in
di lu te so lu tions, γi, can be ap pro xi ma ted by the Deb ye-
Hückel equa tion

(3)

whe re κ is the Deb ye pa ra me ter, I the io nic strength, Ri the
ion si ze pa ra me ter,15 ε0 the pro ton char ge, ε the re la ti ve
per mit ti vity of the sol vent, ε0 the per mit ti vity of va cuum
and T the ab so lu te tem pe ra tu re. The ot her symbols ha ve
their usual mea ning. It should be no ted, that ion pairs are
neu tral spe cies and the re fo re γXz+Yz– is as su med to be unity.

Ac cor ding to the lc CM mo del, the depen den ce of 
mo lar  con duc ti vity ΛT on con cen tra tio n at a gi ven tem pe -
ra tu re T is de fi ned as3

Formula
(4)

Si mi lar ex pres sion is used in the Quint-Vial lard
(QV) mo del whe re ΛT is ex pres sed as the sum of io nic
mo lar con duc ti vi ties λi,T

4

Formula (5)

whe re λ0
i,T is the li mi ting mo lar con duc ti vity of the ion at a

gi ven tem pe ra tu re. In the ca se of 1:1 and 2:2 elec troly tes,

the io nic strength is equal to I = αc and I = 4αc, res pec ti -
vely. The coef fi cients S, E, J1, J2 and Si, Ei, J1i, J2i are rat -
her com plex func tions of tem pe ra tu re, vis co sity,16 the die -
lec tric con stant of pu re wa ter,17 di stan ce pa ra me ter R (or ai
in the QV mo del) and va len ces z. The expli cit ex pres sions
for the se coef fi cients are gi ven in de tail in the li te ra tu -
re.3,4,18 The dis tan ce pa ra me ter R (ai) de fi nes t he di stan ce
to which ions are re gar ded as ion-pairs (the up per li mit of
ion as so cia tion), R = ai = a + n · s. The lo wer li mit of the
as so cia tion is the di stan ce of clo sest ap proach of ca tion
and anion (con tact di stan ce), a = a+ + a–, whe re a+ and a–
re pre sent the ra dii of ca tion and anion,19 s is the length of
an orien ted sol vent mo le cu le and n is an in te ger. If we as -
su me con tact ion pairs n = 0, for sol vent-sha red n = 1 and
for sol vent-se pa ra ted ion pairs n = 2. In wa ter, s is the
length of an OH-group, s = 0.28 nm. 

In the glo bal analy sis an ex pres sion for tem pe ra tu re
de pen den ce of li mi ting mo lar con duc ti vity Λ0

T, λ0
i,T, is nee -

ded. In prin ci ple, Wal den’s ru le3 or Eyring ap proach20

could be used for this pur po se but un for tu na tely both ap -
proac hes fail to suc cess fully des cri be tem pe ra tu re de pen -
den ce of li mi ting mo lar con duc ti vity (see sup por ting in -
for ma tion for de tails). The re fo re, Λ0

T or λ0
i,T are ap pro xi -

ma ted by a sim ple ex pres sion21

(6)

whe re Λ°T0
is the li mi ting mo lar con duc ti vity at the re fe -

ren ce tem pe ra tu re T0 = 298.15 K and A and B are the tem -
pe ra tu re in de pen dent coef fi cients. In the QV mo del the
tem pe ra tu re de pen den ce of li mi ting mo lar con duc ti vity of
ca tion and anion, λ0

i,T0
and coef fi cients Ai and Bi (i = Xz+,

Yz–) must be de fined.
The ion asso cia tion pro cess can be des cri bed in

terms of chan ges of stan dard ther mody na mic pa ra me ters:
the Gibbs free energy, ΔG°T0

, and ent halpy, ΔH°T0
, at the re -

fe ren ce tem pe ra tu re T0 = 298.15 K and the cor res pon ding
heat ca pa city ΔC°P (as su med to be tem pe ra tu re in de -
pendent). The se pa ra me ters de fi ne ΔG°T and ΔH°T at any T
through the Gibbs-Helm holtz re la tion and Kirch hoff’s
law: 

Formula (7)

Thus, a sin gle set of (ad ju stab le) pa ra me ters ΔG°T0
,

ΔH°T0
and ΔC°P de fi nes KT = exp(–ΔG°T / RT) and α (eq. 2)

at any T. Glo bal fit ting of the mo del func tion (eq. 4 for the
lc CM mo del and eq. 5 for the QV mo del) to the ex pe ri -
men tal con duc ti vity da ta, mea su red at va ri ous T, was ba -
sed on the non-li near re gres sion pro ce du re by mi ni mi zing
Σ

Τ
Σ

ι
(Λexp(i,T) – Λcalc(i,T))

2 whe re Λexp(i,T) is the i-th ex pe ri -
men tal mo lar con duc ti vity at tem pe ra tu re T and Λcalc(i,T) is
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the i-th cal cu la ted va lue from the mo del at tem pe ra tu re T.
Sin ce it is known that ΔC°T is clo se to ze ro in such pro ces -
ses,22–23 fi ve ad ju stab le pa ra me ters we re use d in the lc CM
mi ni mi za tion pro cess: ΔG°T0

, ΔH°T0
, Λ0

T0
, A and B and eight

in the QV: ΔG°T0
, ΔH°T0

, λ0
i,T0

, Ai and Bi (i = Xz+, Yz–). 

3. Re sults and Dis cus sion

Glo bal mo del analy sis ba sed on the lc CM or the QV
set of equa tions was te sted on three sets of con duc ti vity
da ta: Na Cl in wa ter, Na Cl in wa ter-1,4 dio xa ne mixture
with 20 mass per cent of 1,4 dio xa ne (xD = 0.20)13 and 
Mg SO4 in wa ter.14 The con duc ti vity da ta  for all the in ve -
sti ga ted systems are re por ted in the tem pe ra tu re ran ge
from 278.15 to 308.15 K in steps of 5 K. The results ob tai -
ned fro m in di vi dual and glo bal analy sis for Na Cl in wa ter
and wa ter-1,4 dio xa ne mix tu re ba sed on the lc CM are pre -
sen ted in Tab le 1 and Fi gu re 1. The dis tan ce pa ra me ter R
was set to R = a + 2s = 0.839 nm (a = 0.279 nm). Ot her
pa ra me ters nee ded to cal cu la te the mo del func tion are
pre sen ted in Ref. 13. Tab le 1 re veals that in di vi dual and
glo bal fit gi ve al most iden ti cal li mi ting mo lar con duc ti -
vity of Na Cl, Λ0

T0
, qui te si mi lar con stant of as so cia tion,

KT0
, but in so me exam ples (Na Cl in wa ter) very dif fe rent

va lues for ΔH°T0
and TΔS°T0

ac com pan ying the ion pai ring
pro cess.

Tab le 1. The ther mody na mic and trans port pro per ties of Na Cl in wa ter and wa ter-1,4dio xa ne mix tu re (xD = 0.20) at T0 = 298.15 K ob tai ned from
in di vi dual13 and global analy sis of con duc ti vity da ta. The re sults cor res pond to lc CM mo del. 

wa ter wa ter-1,4 dio xa ne mix tu re
in di vi dual fit13 glo bal fit in di vi dual fit13 glo bal fit

KT0
2.38 ± 0.44 2.63 ± 0.08 23.7 ± 1.0 18.9 ± 0.2

ΔG°T0
/ k J mol–1 –2.92 –2.40 ± 0.07 –8.55 –7.29 ± 0.03

ΔH°T0
/ k J mol–1 8.88 1.5 ± 2.2 7.72 8.1 ± 1.1

TΔS°T0
/ k J mol–1 11.80 3.9 ± 2.3 16.27 15.4 ± 1.1

Λ0
T0

/ S cm2 mol–1 126.54 ± 0.02 126.50 ± 0.01 52.61 ± 0.03 52.06 ± 0.03
A / S cm2 mol–1 K–1 / 2.635 ± 0.001 / 1.270 ± 0.003
B / S cm2 mol–1 K–2 / (9.81 ± 0.07) 10–3 / 0.0077 ± 0.0001

In Tab le 2 we pre sent the re sults ob tai ned from in -
di vi dual and glo bal analy sis (the lc CM and the QV mo -
del) for Mg SO4 in wa ter. The results cor res pond to the
di stan ce pa ra me ter equal to R = a + 2s = 0.896 nm (a =
0.336 nm). In the QV mo del the li mi ting mo lar con duc -
ti vity of ca tion and anion may be trea ted as ad ju stab le
pa ra me ters. Ho we ver, the se two pa ra me ters are highly
cor re la ted the re fo re the exact physi cal mea ning may be
que stio nab le when both of them are used as ad ju stab le
pa ra me ters. For this rea son, the li mi ting mo lar con duc -
ti vity of ca tion at 298.15 K (1/2 · λ0

Mg2+,T0
= 52.7 cm2 Ω–1

mol–1)5 was set as fi xed pa ra me ter and only AMg2+ and
BMg2+ coef fi cients des cri bing its tem pe ra tu re de pen den ce
we re fit ted. The pro po sed glo bal mo del gi ves ex cel lent

ces in ΔG°T0
, ΔH°T0

, TΔS°T0
ac com pan ying the ion pair for -

ma tion. Ho we ver, the re is one ma jor dif fe rence bet ween
in di vi dual and glo bal analy sis: the for mer gi ves ΔC°P =
0.37 kJ mol–1 K–1 whi le the lat ter ΔC°P = 0.00 kJ mol–1

K–1. It should be no ted that ac cor ding to the li te ra tu re
da ta ΔC°P ef fects ac com pan ying the ion pair for ma tion
are clo se to ze ro.22 Mo reo ver, glo bal analy sis al lows us
to re du ce high cor re la tion bet ween ad ju stable pa ra me -
ters, clo se to 1 or –1. For in stan ce, cor re la tion bet ween
KT0

and Λ0
T0

in ca se of in di vi dual fit of Mg SO4 in wa ter is
–0.93 which can be re du ced to –0.88 with glo bal analy -
sis. Cor re la tion ma trix cor res pon ding to the lc CMg lo -
bal mo del analy sis of the Mg SO4 con duc ti vity da ta is
pre sen ted in Tab le 3.

Fi gu re 1. Mo lar con duc ti vi ties of Na Cl in wa ter-1,4dio xa ne mix -
tu re at 298.15 K. Ex pe ri men tal da ta are pre sen ted by symbols
whi le the li nes re fer to the in di vi dual and glo bal analy sis ba sed on
the lc CM.

agree ment with the ex pe ri men tal mo lar con ductivi ties
which is evi dent from Fi gu re 2. Com pa ri son of the re -
sults ob tai ned from in di vi dual and glo bal fit gi ve the sa -
me conc lu sions as for Na Cl systems, i.e. al most iden ti -
cal li mi ting mo lar con duc ti vity, Λ0

T0
, and slight dif fe ren -
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Com pa ri son of the re sults ob tai ned from in di vi -
dual and glo bal analy sis re veals dif fe ren ces in ther mody -
na mic quan ti ties, mostly in ΔH°T0

, TΔS°T0
and ΔC°P ac com -

pan ying the ion pai ring pro cess. It should be no ted that
the se con tri bu tions we re ob tai ned from the tem pe ra tu re
de pen den ce of ΔG°T

13,14,24,25 in the ca se of in di vi dual
analy sis and such pro ce du re may lead to lar ge er rors. 

Tab le 3. Cor re la tion ma trix cor res pon ding to the lc CM glo bal mo -
del analy sis of the Mg SO4 con duc ti vity da ta.

KT0
ΔH°

T Λ0
T A B

KT0
1.00

ΔH°
T0

–0.05 1.00
Λ0

T0
–0.88 0.04 1.00

A –0.19 –0.83 0.12 1.00
B –0.01 –0.37 –0.25 0.68 1.00

4. Conc lu sions

Glo bal mo del analy sis ba sed on the low con cen tra -
tion che mi cal mo del (lc CM) and al so the Quint-Vial lard
set of equa tions was suc cess fully ap plied to the con duc -
ti vity da ta for the first ti me. Mo del was te sted on three
dif fe rent systems and re sults we re com pa red to tho se ob -
tai ned from the in di vi dual fits. It tur ned out, that this ap -
proach suc cess fully des cri bes all the mea su red ex pe ri -
men tal da ta si mul ta ne ously. The re fo re, the ap plied glo -
bal analy sis of ex pe ri men tal da ta al lows de ter mi na tion
of the ther mody na mic pro fi le of ion pai ring pro cess
(Gibbs free energy, ent halpy, en tropy, heat ca pa city) and
trans port pro per ties of ions at the sa me ti me. Mo reo ver,
the glo bal mo del im pro ves the ra tio bet ween the num ber
of fit ting pa ra me ters and the num ber of ex pe ri men tal
points, re du ces cor re la tion bet ween ad ju stab le pa ra me -
ters and the re fo re gi ves mo re re liab le re sults. The wea -
kest point of the glo bal mo del is that the tem pe ra tu re de -
pen den ce of li mi ting mo lar con duc ti vity is not ba sed on
ther mody na mic re la tionship li ke as so cia tion con stant
which is ba sed on the Gibbs-Helm holtz re la tion and
Kirch hoff’s law but it is sim ple des cri bed with a se cond
or der poly no mial. 

As it has been already obser ved by Apelb lat,5 the li -
mi ting con duc ti vi ties of elec troly tes at in fi ni te di lu tion are
very si mi lar ir res pec ti ve to the ap plied con duc ti vity equa -
tion, whe reas the de ri ved ion as so cia tion con stants can
vary con si de rably. The ion as so cia tion con stants and thus
al so all the de ri ved ther mody na mic func tions are the re fo -
re of doubt ful physi cal va lue and should be rat her trea ted
ju st as fit ting pa ra me ters.

Tab le 2. The ther mody na mic and trans port pro per ties of Mg SO4 in wa ter at T0 = 298.15 K ob tai ned
from in di vi dual14 and glo bal analy sis of con duc ti vity da ta.

in di vi dual fit14 glo bal fit lc CM glo bal fit QV
KT0

157.2 ± 2.1 176.3 ± 0.8 138.8 ± 1.6
ΔG°

T0
/ k J mol–1 –12.55 –12.83 ± 0.01 –12.23 ± 0.03

ΔH°
T0

/ k J mol–1 6.65 4.1 ± 0.3 3.9 ± 0.7
T ΔS°

T0
/ k J mol–1 19.2 16.9 ± 0.3 16.2 ± 0.7

ΔC°
P / k J mol–1 K–1 0.37 0.00 0.00

1/2 Λ0
T0

/ S cm2 mol–1 132.70 ± 0.08 133.31 ± 0.06 130.7 ± 0.2
A / S cm2 mol–1 K–1 / 2.906 ± 0.005 /
B / S cm2 mol–1 K–2 / 0.0116 ± 0.0002 /

Fi gu re 2. Mo lar con duc ti vi ties of aqu e ous Mg SO4 so lu tions from
278.15 to 308.15 K (steps of 5 K) in the con cen tra tion ran ge 
2 · 10–4 < c/mol dm–3 < 3 · 10–3. Ex pe ri men tal da ta are pre sen ted by
symbols whi le the li nes re fer to the cor res pon ding best glo bal fit of
the mo del func tion (the lc CM mo del eq. 4 and the QV mo del eq. 5).
a) Com pa ri son of in di vi dual and glo bal analy sis at 298.15 K. b)
Re sults of the lc CM glo bal fit. 
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Povzetek
Z merjenjem elektri~ne prevodnosti raztopin elektrolitov spomo~jo razli~nih modelov prou~ujemo lastnosti ionov v
razli~nih topilih. V tem delu smo prikazali mo`nost uporabe globalne analize podatkov za elektri~no prevodnost
razred~enih raztopin elektrolitov v {irokem temperaturnem obmo~ju. Globalni model smo razvili na podlagi dveh
modernih teorij s podro~ja prevodnosti, t.i. kemijskega modela (lcCM) in Quint-Viallardovega modela. Ustreznost
globalnega modela smo preverili na treh razli~nih sistemih: NaCl v vodi, NaCl v me{anici vode in 1,4 dioksana ter
MgSO4 v vodi. Izkazalo se je, da globalni model uspe{no popi{e eksperimentalne podatke izmerjene pri razli~nih
koncentracijah in temperaturah in dolo~i termodinamski profil procesa tvorbe ionskih parov skupaj s transportnimi
lastnostmi ionov.
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As already mentioned in the main text, temperature
dependence of limiting molar conductivity may be de-
scribed with Walden’s rule

formula (1-SI)

or Eyring approach

(2-SI)

where η is the viscosity of pure water,1 d the density of
pure water,2 ΔH‡ temperature independent Eyring’s en-
thalpy of activation of the charge transport which depends
only on the solvent properties and const temperature inde-
pendent constant which has no physical meaning.
Equations apply to limiting molar conductivity of the salt
used in lcCM model, however, same expressions can be
used also for modeling temperature dependence of limit-
ing molar conductivity of cation and anion needed in QV
model. If Walden’s rule was used to model temperature
dependence of Λ0

T, three adjustable parameters were used
in the global lcCM minimization process: ΔG°

T0
, ΔH°

T0
and

const while in the case of Eyring approach four adjustable
parameters were used: ΔG°

T0
, ΔH°

T0
,ΔH‡ and const.

Models describing temperature dependence of limit-
ing molar conductivity do not affect the thermodynamics
of ion pairing process. However, they have big impact on
limiting molar conductivities (Table 1-SI) and quality of
the fit, especially at low (278.15 K) and high (308.15 K)
temperatures (Table 2-SI). Table 1-SI reveals that Walden’s
rule is the least suitable for this purpose. Same conclusion
may be drawn from all three investigated systems. 

Table 1-SI. Limiting molar conductivities of NaCl in water ob-
tained from individual and global analysis of conductivity data.In
the case of global analysis, temperature dependence of Λ0

T was de-
scribed with polynomial expression, Walden’s rule and Eyring ap-
proach.The results correspond to lcCM model. 

individual global
polynomial Walden’s Eyring
expression rule approach

eq. 6 eq. 1-SI eq. 2-SI
T / K Λ0

T / S cm2mol–1

278.15 77.71 77.74 74.98 79.23
283.15 89.12 89.19 87.16 89.43
288.15 101.09 101.14 100.08 100.53
293.15 113.57 113.58 113.68 112.59
298.15 126.54 126.50 127.95 125.65
303.15 139.95 139.92 142.84 139.74
308.15 153.78 153.83 158.32 154.90

Best fit parameters obtained from global analysis:
Walden’s rule: const = 1.139 · 10–2 S kg m mol–1 s–1

Eyring approach: ΔH‡ = 15.8 kJ mol–1; const = 11.218 

Table 2-SI. Experimental and calculated molar conductivities ob-
tained from global analysis of NaCl in water at 278.15
K.Temperature dependence of Λ0

T was described with polynomial
expression, Walden’s rule and Eyring approach.The results corre-
spond to lcCM model. 

polynomial Walden’s Eyring
expression rule approach

eq. 6 eq. 1-SI eq. 2-SI
103 m /mol kg–1 Λexp Λcalc/ S cm2 mol–1

0.1778 77.00 77.03 74.32 78.52
0.3359 76.81 76.77 74.08 78.26
0.5695 76.53 76.48 73.83 77.96
0.8645 76.27 76.19 73.58 77.67
1.2066 75.94 75.91 73.35 77.39
1.5044 75.74 75.70 73.18 77.18
1.9519 75.47 75.42 72.96 76.90
2.5393 75.15 75.10 72.72 76.57
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