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2 AFolAE L8 o ARR] L-Alanine™} 771931 NaCl, KCI, NaNO, 2! KNO, 2| 7} 3|4 = ¢] %013 L-Alanine/
3 8-H A4 L-Alanine®] =17 §3=5 298.15 Kellx S73I3IT}. L-Alanine®] S5 5A1T+= o]
gl Fo| o] Melyd =07 o]Fofxl glebd|elA] F A571e] 7|8 & Sshs 1788 Hom Sl
, S35 L-Alanine®] AV RS o171 Qe FeEle T EAske] ST $hE 2 Aol
op] =i (L-Alanine) /314 8- A12] 5 (residual) Helmholtz AoV S A sARE A8 s/ dfAl0l=
(perturbed chain-statistical associating fluid theory)¥} T<r=- 7" *AH(primitive-mean spherical approximation)®]&-&
Aet BAE 22 siglow, o]2 5 opn|iAte] Al W &l gt doEkE dAAS diTth
Helmholtz AMfollUA S RdlE) dl= 2oz opu] Ak 954 o] (zwitterion) FEIZ EAGHH opu]iake] oF
2] o] &2 2 o|27|2] A}7]-3]E(self-association)dPH FA|o) EFAF2} WAF-3]H(cross-association)s= & &A=
71dstl om, BEgh op|ieAke] QR o] o] el () E]E ol W Fol23) s agale] o]k
A (ion complex)E Bk IS S| FEYCRE 7P Aol ARk o]24 REZHE L-Alanine/A
a4 g Aol ArtEE L-Alanine®] SaieAlT 4 E8lle gk ¥ A58 AP dXeks A3 B
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Abstract — Activity oefficients and solubilities of L-Alanine in aqueous solutions containing each of four electrolytes
(NaCl, KCI, NaNO; and KNO;) were measured at 298.15 K. The measurements of activity coefficients were carried out
in the electrochemical cell coupled with two ion-selective electrodes(cation and anion), and the solubilities were mea-
sured by the gravimetric analysis of saturated solutions in equilibrium with the solid phase of L-alanine. To model the
activity coefficients and solubilities of amino acid in the amino acid/electrolyte aqueous solutions, thermodynamic rela-
tions of the residual Helmholtz free energy in the amino acid/electrolyte aqueous solutions were developed based on the
perturbed-chain statistical associating fluid theory(PC-SAFT) combined with the primitive mean spherical approxima-
tion(primitive-MSA). In the present model, it is assumed that the zwitterions of L-alanine are associated with each other
and cross-associated with water molecules, and also cross-associated with the cation and anion dissociated from an elec-
trolyte(inorganic salt). The activity coefficients and solubilities of L-Alanine calculated from the theoretical model pro-
posed in this work are found to be well agreeable with experimental data.
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SR 0] gl Aol A o] B Al W ElE FEe] S5dhe
Zo] GaAlolet. $hH AslelEd F opr] Ak el =, i,
A} 2 AsPeiAtE o]+ 7 el 7] Tl =A B
AR A d) EA R Wl fAM S Zhet) webA] opn|ieAt
FgNo] JoJEt BA = FEL AS W RallE Soll w3 A
= ohake] i) 9 GAIE Qe A0 AlEE e F
/3%t ope} Fefe| =, v gl A 55 XS 789
o] dosha] BAdoll et 7|2 AFEA ] FAAHE o] W AT
2AE2] 419 dPgo] Fof gict.

1 AelA = opu| ko] e d FollA Aalo] k= &
ol TS 2l oAb g elA ofnate] FE e
A D SHE G9etE] Pl oJste] Ba™ skt selck |
gldo] gk oju)iake] =g o iate] EFEAe} &
e} 22 Aoy 24 e 899 AT Tl st JEst
o3l diES YalrE gAlo] EAEH: Sleks A B ol
7re] BE A AEES TEsljof sit. olo] el A= 1930
o] Kirkwood[3,4]7} A4l AFE 4733t v} §leH, Kirkwood
= Aol XIS ob]Ake] A o] (zwitterion)Z}
A9 alzlel ot ol 4l FolE 7] H714] (electrostatic)
RGNS vEsle] dEEATE ol Rl W FHE A
MRt 284 KirkwoodS] A+ ©]$- opn|icAke] SgtAls}
Fafeol thst o] 24 = W gl glon, 7 dEEA
o} SlEE AP0 R Bk ATE0] 218 E o] gt o
AR FgAelM = Bt olelell MallE e slizlell ¢
SF ol 4l Fol&, ofu]iAake] o/ o] (zwitterion) 50| A
s, g duloA] o]52] 7} o] 252 Biatel gulst |
(solvation, B 573} A (hydration)yS €271 FAlo] |l &
FAE 7l A7) -3k A (self-association)o] Lo}, S o]
7] 237714 (electrostatic) 2] & 2-4-(long-range interaction),
o] "l B} 7ke] ZAR] e A-E(short-range interaction)©] &
ofih= & F&AelA dofvk= slekE (1] e atgo] wie- H
Falc), o]g3t o] ohu Al A Jgoo ] BEEA R
9 ga=o] T3t o]24 A7} Kirkwood2] ¢+ o]F Hz 213
2] k& 107 F5HT) ) o] 9 e o] iS4
oNof] ot Atehi= MR Halld =g W 3|3 Aol tisto]
W2 0] 23] A7} X1 E o] Fof] whe, 19801 dth FHHE] 0] =2
AT AHE o) eAbAds)A gl 2838l = o] A==
Chen F[5]<> NRTL2Jo] Aajd F&dq e 485 es +4%
electrolyte-NRTL2] [6]2 o}u]\eAat S=g-o Ul oju]w-abdald 4§
Hol] A gslo] ofn|ike] EAEE ARSI CH, Rodrguez-Raposo
51712} Frnandez-Mrida 581 sl 4=g-of| th3t Pitzere]
AT ob| Al d G-g-dlof Hgato] dafjz 9 opu]ial
9] FEEAGE 43k vl It} Khoshkbarchi®} Vera[10,111= oF
v =i Al A 2 opu|Ake] Ep Al
< PR AR A AE-S GrilheAtol gl Svl-gmleat 1k
o] ZAE] e g} o]0 7k AR g o R FHEs)
3, 2] e A-8-2 NRTLA 2 Wilson? 02 BARSIAL 7]
AT A2 Bromley2][12] B 150] Ak K-viEE 2[13] 52
2 QAlsle] Had gl oln|pate] B TARE mdlE S)9it) ek
Pazuki 14} O]-0]& 3Fe] g x714] A ] 452> K-V
g 2o 7 248 A5 242 NRTL-NRFE 2 2][15]0 2 BAFSH o

|5tast M48H H[45 20104 8

TE TG0, o] A7°]F Pazuki F[16]<> Zhao F[17]°]
Wilson?]-& 3] d &Nl 2-83}7] 98te] 74 ¢ modified
Wilson?& opH| A A 4=8-Hel] 2)-8-ato] Haljale] Sg oA
S5 Tags v Qi) #H 2ol Sadeghi[18,19]7F NRTL2] 2
Wilson?]& o) =ib/As)|d 4=g-Hol] 24385 573 modified
NRTL 2 modified Wilson?]2 #|ote}lal o] & 28 o]-&&}o] o}n)
AR S EAlG W SE s Attt o g} o) A B
£ A7 opiabAdsE 892 79 (excess) Gibbs ATl
U (ghHs Rdsta o| 25 S5l T S ds A
olct. A 919} e Aehs MER ofu| Ak 4-g-of o] 7t
F(residual) Helmholtz AHollU<] (A S RHAlEsla o] 23 E] A}
g4 S5 EE AlGE A A% @3 = Slth Khoshkbarchi
9} Vera[20]= oF]:eib/A3d =882 ZH7 Helmholiz AHF-olU]
A& /3501 (perturbation theory)ell <713 perturbed hard-sphere
213} mean spherical approximation(MSA)2 [21]= A&st Ralz 7
ofstar o] RElZNE ofuliAl Ul HaH o] SFeATE RdY
SIATE B8t Gao%} Vera[22]= 241 2] Khoshkbarchi®} Vera®] F4!
[201914 435 E(perturbation term)S HERSFAIZ] A 22 E-S- A
Algk uf Qlet. T1eu} o)} ol opu|Abdad E-olloa]
Helmholtz ZFolUAE BEY sh= A7 oA &
Hof] 218 7hsot ey A 7 8- 9] 7 Adwe] e EATE
Aelg 4= gl Aol Qlgoll= ekl 2000 Zofl AT E Gao
9} Vera®] 7+[22] o] % FA7A] A= z18E ulr} Qi A7golr).

2 AFE A9 33 -Alo] S (statistical associating fluid
theory, SAFT)[23,24] ol =Ab/As|d =g 2 gsl0] A5
Helmholtz Aol U=](A™)E BEHTR= 24, SAFT A9
T4 % Gross?} Sadowiski[25]7F AFSH perturbed-chain SAFT(PC-
SAFT) &S opu:AbAslz] 4§l 2-§51o 2+ Helmholtz
AHreUAE g2kl o] =5 opn| Al 9l e o] SE AT
o} opu| e Ake] S =5 Rt PC-SAFT 222 Ak oF 10
W et torst 72 uxai (non-electrolyte) 412 &5l
gt 45 Atel] B2 S84 Kol 2 TElEA] 2 o) A
A5 PC-SAFT R&E Halld 8-9ef 2184171 A+-26]¢ ok
vk J=gallof] A7 AF27] 52 3 9lon], B oAt
A olE A8 A ZAR slo] opliAbAdaA g-ollelA
ofulizAte] FF LAz S TE T s 2 Ao
AefdzE= 4719)
7198 NaCl, KCI, NaNO; 2! KNO;& &3l o, 7t B7]198 &
&8k L-Alanine/A13l1 % =8-9e] tijslo] opu|Ake] g oA|l59)
SIEE SAsIG oM 0|5 AFAAE & A7) o4 Y
A=A
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oAb g Mufjell= & wAfol 8l ol GallE opr| Al 2
2k, s (@)e] sfiglell 2Jgk kol W Fol& Fo] TAFITE
Aol 8ol gale ob| At £A= Lee9t Kime] A
[271014 2} 320] oA 01 2(NH I -CHR-COO)FE| = EA3tr} 1
7Pd38llan, Bk opn|ieAke] A o] 22 FekdS w4
71H 0% FARN FAE ¥ oo EAshE HEEVI(NHY)
1l carboxylate”](-CO0M)2] E/d 2Jslo] 3|33 (associating)yS



sl 4=g-lof|A] L-Alanine®]

zh=thal 7HdaiSint. 5, o529 ATelMe 5 o9 W
7](-NHy) 9} & #24¢] 2hadz) 7H) 424223 (hydrogen bonding)
FEgh F1ERAT](-CO0NS ERALY] FAA; 3] AT Sol
osto] FFA) ol EtAl Fhelle WA}-3] ¥ (cross-association,
hydration)©] ojup, B3 &g o] 2 Zhefli= -NHY 719} -COO"
7] k9] A st 2)5lo] 2}7]-3] g (self-association)?] Doitrlar
7V TH27). 3HH LeeSt Kim[26]12 A A(Q) -&-lol] 418 7}
S AE A EE vasl] 218te] PC-SAFT K&e]| primitive-
MAS RH211 23 Fefe] dafid Aepdrg 2 #Qket vl Qlek.
o] 59 AtelM = Wl () 28 2] ZH7 Helmholtz AHF-olU#]
£ Aol flsto] B8k, ol W Fol& 7he] A Ago] &
F Helmholtz Aol Aol WX 22 4 GA|Z 7HdsIgie). &
el Aalid g=g-hel] vzt oI5 AA7-26]9] 4 HAFEE of
v ARSI g-de) g8kl sk wEbA ofu] Al
A 842 X7 Helmholtz AHrollU A7} A 2w = w7 o3}
2ol 4 AR 7PYE = Stk 5 i) e 9 fol Yl Sole
W7 (discharging)¥ o] £3<] YAk= Wk 1, ii) =4k, op
she] A o), T ol H ol A} kel E7lF
Q1 gl Hgo] 2-g3}n], Isk ofn|iAike] oAl o] 22 B
Are} waps]ekab wAloll EAF Bl A o5 AP7]-3]9) g
o} i) T4 2] ol W ol YIxR= A 8Hd (recharging)= o]
2] o]l WSkE 1, iv) 3HE ofol W Fol2 EAtel
WS P (3 W), 3 o] Tl 4714 e s
Z1-go] oyt

A9} 2L 4 DAl QJate] opu|ialA A 78 AA L] T
Helmholtz AH+-TUA] (A2 Lee®} Kim[26]2] 7ol &A1) &
oepd v} o) it

Ares _ Apt—saﬁJrABornJrAele (1)

O K orle

ofuff AP gRe- T §)°] o] 2] W (discharging) *FI T i)
A% (recharging) I 50] Ao 7|03z 0 Z Lee?} Kim([26]
] Aelxlgl 7Fo] Born2[28]°] 2Jsto] o] 4= Qlrk. A% &
& M ivyell ] 31 o] &5 7he] 77| A g Akgo] Arel] 7]
ojetE= goln, o] F A Lee9} Kim[26]9] AT-olA s} o]
primitive-MSA X212 2] 8 5= glrt. Afom 0l A o tgt
T A& o]52] Aol AAE] AgE 9] wiitel] - Qltell A
AR, w3k Aresaf e G el gAA e A AR
o) 8] g 9 3gEEy W vyl sHRE kol
2 Fole} Bral 7ke) wak-gg Sol Ao 7]ejsl= o),
PC-SAFT =ief| oJsfe] ot} o] 2 4= QlThH26].

g N

Apc—saf/ _ Ahs+Acl1ain+Adisp+Aassa£ (2)

f12] FANA A%, Ahain gl Ad S22 PC-SAFT 222} THe &
o|n, PC-SAFT R&of|X+= A1 o] 7)) ZHA] - (hard-sphere)
Fe) o] A IRE (segment)’| 1A E ARE (chainytAHE 718k AF
SuA 2k e Ag-S aEsiGith A Al RE ATIHES
7] W2 (repulsive interaction)®] A|2] Aol 7|oJghk= &l
Achain= x| THEE] A X (chain formation)oll 2J3F 7]o] &
o|n] w3k Adivi= AERAE 7ke) BAkak2 (dispersion interaction)
o] Ao 7]ojeh= Foltt. o529 WA S PC-SAFT ¥ =%
[25]0lA AAIE] AR =] 3L QL7]el  ATtellxd= ekl

BEAFEs} galee] 54 9 v 521

3 2] (2)2] A% L T il A ofu|Ake) A o). 2.3
ErAkeke] wAks|d, EwAE B A o] 7o) A -S|f,
Al ivyelld sFaE ool 9l Fo| -z} Biakel wakslgh So] A
o 7)oz g0, SAFT Rdle] 33} ¥ 2] o 27E] gojst 4=
S}, Z3EA T4 A AR F3E S SAFT RElE B
AR YairE 94 334 B159] 3321 (association site)S
T8 A a7t Sk EwAtel] tistelE= 4709 3Rk, S Ak
Zol] EAlsk= 2719] B] ¥ A8 (lone electron pair)2 2712 <=
22K SFAEE 7P 4= SlcH24,26). 523F Lee} Kim?
s g=g-Hell thgt AF-[26]eIM = ol U JoleS EEAle}
A3 HEEE hydrationydhs 2H2t S702) Sk E 2tk 7t
3t mf glow, ofu]i-Al 4=g-dlof| gk A27]ellM= oAt
o] 3 ool TAsh= YEE7I(-NH;) B 7k=5-471(-Co07)
= 27 209 EAE Zhethar 7PgEelt). 2 AtellAE o]
9} e BHA}, okl 9l Jo)&, oju]ipake] gk o] 5o 3
S

SAFT Ra& A olalgitt. o) AlAs) 2 8o AoA EEA1=
g5 1, ool & Ul g0 28 A7k AR 2 Ul 3 o]g)slar, ohu] At

G o= AL 4 2 7Pdehd, =2 Al 2709 Ak Te]

< YEFEZI(NH;) ol 2719 4N 3@k, 74252471 (-CO0)olk=
2709 4C BgAle)7t Ak 7P 4= Qo) 3 o] weAb/Al
B FEAeA] ofu|iAike] A o] 2 (CAAT)S A ETE] 3
2= ol B FolAN)Y v o] o] 55 (ion
complex)& F/deh= 21 0% el Q29,301

“AAT + MPAT < M'(CAAYA™ 3)
= J25/gd o] 2] o] &5kl 4
< U] o] ool °l Folezte] wAk-s|g Ao E 1
staaf siglom, o5 fdte] thee] Z1d ) Zo| oA o]
SRV 9 7I25AY] Al sl 40 W 405 S 0F
7Pgetalon mat ofol2 ul Folox Brke] waks (S,
gl SNy o] elel] YA o]} wat-3|§eh= sEAte] 20 2 365
77t Zh=ta 7P seiet

|

zwitterion(4)
oju] §] 1N @, ® 9 O 7} 2] IR E 2wstH, ¢
9} 7re- 7Pl 9Jaha opn|iAbAds) A ol BF 10572
slgA7t 7Pt &, B3R )] 1e@7l) 2 1HERN) 3
A, eol&(di2)2 @A 2(S,70), wol=(di3)2] s =k
2] 3(Sy/0) 2 opu| Al g o] (A3 E4)2] SRt aNeAl) 2
4C2N) T 672 TR 9} obuliAt A 9] o] 255k
e sl Yste] 7HEE 4572 SRkl 4@, 4e(1
7 2 2@(17h), 36(170) Fol 7Pt o8 3§k 71 stell ofu)e
AR gof| ] A EAREe] B s g del ofdh Ave
S SAFT R2°] 33314 [24-26]0] €J8te] g elshd vhaat 2

anion(3) cation(2)
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assoc _ Xle XIH
AT/NKT = 2x, lnXle—T-i-lnXlH—T-a-]

X
+x252[lnX2— l}-kxz[lnxz@

Xt X5 IJ
2 2

—_—t =
2 2

X X
+X3S3[lnX3—734-%}-)(3[1@(39— 2394-%}

X Xye
+ 2x4[lnX4N— T4 X - 1}

X X
+x4[lnX4@ e T 1} )

EEI =
oA} o] HoH = olu| - AAs A FEd Ao AF
Helmholtz AR 2 (A)F-E] ofejel 742 #Aloll 2Jato] 2|

[e] o A~
WgAE s 9o

_ 1(8Ares/ kT)
P/pkT = = ——
P \Y op N,T

_ Ph\/ka + Pchuin/ka + PdiA\'p/ka + Passuc/ka
+PP ok T+ P/pk T 5)

w3t 7} A0 it (residual) 3F8FZ €I (chemical potentialy TF
w3 2 A 2gte] fs vk

oA™Y/ kT)

(T V)T =
ON; v,

_ ths/kT+ M;‘hain/kT"" ],L;Iié.p/kT‘F},L:«lswc/kT‘F H?Um/kT+ H;ele/kT
©

olwf 912] 21 (17) € 2 (18)°ll =3He 2t F=2] A2 Gross
9} Sadowiski®] ¥=5-[25] ¥ Lee®} Kim2] =%[26,27]9] & 20
25Y Aojd vtk

ShA opu| AL A =8-H AlollA] ofpu| Ak QB o], &
o] % Fo| 9] GaTAlg= T84 AeelA ] S ATt
1] Ei= 8]l (unsymmetric) 22718 WEE3}ojok sh, o]&] 3t 1] of
AZAS sk ZH AR S TAE 2 AR W(T, V) =
- o3 2ol o = 4 Qlrh26,27].

res

1,0 res,®
_ th—>0,m‘“—>0 H; (Ta V)_“i (T,V)mi—>0,mlu—>0
Vi< v exp T (O]

18] BAl elste] AFoE= ol Ul ol AT ET
E] tha3} 22 Aol &Jshe] o] (mean ionic) E-E = Al
= daid e EF5eA)E 4 5 Aok

v 1/v

= (D) ®)

ofm] vi= v =v, +v_2} 2}, 7 $12) 21(19) 2 420)°] olate] 4
oJsi= obwhrAl QY o] &0 BEEAG v,, D AANACH7I)

|5tast M48H H[45 20104 8

25 sfgld ol 9S00 Hfol2 AT v =
B 7RO F gholH, o] 5 2 vt 22 el olate
EHEE(m)el 7|9k g o g wghen

7 = y/[1+0.001M,,(vin, +m, )] ©-1)
Y = 1,0/[1+0.001M, (vin, +m )] 9-2)

9] AolA m= m=(m!-m")"" g e wAE ket

RI-Y

ot

Q170 ABAA = ol A8 S el A oflate] 2
FrAe} obate] §IlEE SAshs 48S FYsgon, 7

A FAHQ W82 v

3-1. O[] ESEA 2| =55

ot A g Al otu|eAte] Bk AlgE 573t
= WL 55719 (isopiestic) H 2 o] 28X = (ion-selective
electrode, ISE) ¥ 5°] 9l.oH, & AFore o] 8] A= |
O F oAkl SFEATE SHSII

3-1-1. o] XA H=(SE) 2 =12

olexlEry A5 e s e gole Hepy )
Sole My A3 AR SYShe PHO= SR AR
2R o]£o] BEE ASE A3 Hoj7l o]Le] TEL A

N
2

Bl 495t Aol oJste] opn)eAke] S EAGE Ko R o
= ol ofu] Ak 8- (ternary solution)el| X TR}
Aol FAE = g =] <

Cation-ISE | electrolyte+amino acid | Anion-ISE; (3FeF4] 1)
T A7) HEIRF AE“ = Nernst #Alol oJste] vha3} 22 #
AL zhett.

B =E°+$ In(m,y,") (10)
olwf Si= s} A] €] Nernst 7]&71017] S=vRT/n F2] AL ZE=
o}, 3k ojuji-Ato] ¥8hE]R] ok 3|4 =8N (binary solution)
2] glshdA] oA

Cation-ISE | electrolyte | Anion-ISE; (3}8F4] 1I)

5 A3 A AEP= T3} o) Hd)

bin

AE"" = E°+SIn(m.y""™) (11
2121 2 (10)7 A (1) ZHE vh32] TAE IS = ATH10,31].
ter , bin bin

In(ys /™) = exp[(AE""=AE"")/S] 12)

S o AbAa gl Aslale] HEEARe} ol
A

Ak A= o9} 2 WA (cross-differential) ]2

o] s [31].
Olny,
v(amAA)

wpEbA ofn|iate] e ieAls v A3 o] dajde &%

_ (EﬂnyAA) (13)

m.T.p N Omy



el -8llol] L-Alanine®] Esiorlel 83w 574 4 wEly 523

SAFEET ol EEAl)RTE Fod ¢ Sirk

ter , bin
Gy = v [ R gy (14)
0 om,

ol ;& ofuleAt/dald gNolA ofn]iAte] FEEAL0]
By} & olul Al =gl dalAo] el ofmlate] FEE
AZoltk. A Bat o & AR BEEAF) 1),
YA e e FE(mg) B b Are] i (m, ol met 2
A 7 8 BAS Chungd} Vera[32)7} ASHek a3t 28 2]
o= 7pgehd

ter , bin

4 C
G = My 3 e, €= re—+Cy (15)

k=0 M1

2 (14) W 2 (15)Y BAZHFE ofv]|Ate] &
Yo The st e WS ket

off
P

M,
i
1o
=

) 4
(/Y5 = ¥ Bumg' ', By= ——
k=0

[€)

v} 2k S, A e 9 o AbAsE -89 7
HefA] efol 27} Fol A H5
o AR 9] ol ek 245k 2] (12)0] 2J310] IS

S glom, Aajde] o) wk dolR= In(y A" Fhe.
2RE A 159 4 C, C, % C k=0, 1,2, 3, H} Z2 11
e 3 7k& T8 A (16)8] Aol gJ3te] ofu| ke EE %
Ag=e] 1) YA & A 9 opual Fe] F5EEE 9
T Ak

3-1-2. o] A8 HASER 2 Ay 9 g

Aol A of|A= L-Alanine/A a2 =8Nl L-Alanine®]
SEEATE QA st vlel 22 ISE oz S35 A8
o AbgE HaldEE 4 T2 7719, = ASHEF©NaCI), 5t
ZE(KC, FAHEF(NaNO;) 9 IAPHE(KNO,y) = AHESISLL.
v Z} o] ¥3&F 4 72 L-Alanine/Ad)| 2 S=g-Mof| tfjsto] 2l
Aatgirt. Ao AFEE L-Alanine % 7} 7198 AlF-§ Aok
(Sigma-Aldrich Co.)° % L-Alanine®] =%1= 98% ool o™, 7+
A LT 99% o) dol it Ajel AR A= Fig. 13 2t
Asfd g A FHE 3 71 U 4.5 em E 3=9]
ok 9 em2] AEY FElE7IE QFols B £8kg xFllo] Fzlxo
om, E7|UPeli= kol gl Fol Mey 57 25548
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Fig. 1. Schematic view of the experimental apparatus.
1. Magnetic stirrer 4.1SE

2. Magnetic bar 5. Thermocouple
3. Glass jacket 6. pH/ISE meter(Orion 920A)
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Table 1. Estimated coefficients of eqn. (15)
C C C C C
Systems ARD (%) 00 01 02 03 04
CIO C]] C12 C13 C14 C
L-Alanine-NaCl 0.044 —0.15470 0.32595 —0.69456 1.03124 —0.53559
0.03125 0.03503 0.03436 —0.30165 0.21756 0.42139
-KClI 0.027 —-0.12771 0.38030 —0.64484 0.59059 —0.20997
0.02070 —0.03581 0.13087 —0.15799 0.06603 0.46490
-NaNO; 0.052 —-0.02077 —0.29259 1.09783 —-1.35780 0.54674
—0.09065 0.31293 —0.75156 0.82684 —0.32436 0.81168
-KNO; 0.065 —0.26597 0.98998 -2.13715 2.55794 —-1.16878
0.00407 —0.16093 0.71856 —-1.05037 0.51522 0.75232
1.02 1.04
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Fig. 2. Experimental results for the ratio of the mean ionic activity coefficient of electrolytes in the presence of L-Alanine and in the absence of L-
Alanine: (a) L-Alanine/NaCl aqueous solution, (b) L-Alanine/KCl aqueous solution, (¢) L-Alanine/NaNO; aqueous solution, (d) L-Alanine/
KNOj; aqueous solution.
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Table 2. Correlated results of for activity coefficients of amino acid and densities in the amino acid/electrolyte aqueous solutions
. . Estimated parameters ARD(%)" Data source
Amino aCId+electrolyte 3 assoc ter ter bin bin
/ n/Na\" 10 Cion.A4 Yaa p Ve Va4 p Vi
L-Alanine+NaCl —-0.0340 0.0027 2525.07 0.174 0.218 0.414 [36] [37] [39]
L-Alanine+NaNO; —-0.0124 0.0104 2449.24 0.143 0.093 1.105 [36] [38] [39]
L-Alanine+KCl —-0.0079 —-0.0025 2453.06 0.210 - 0.346 [36] - [39]
L-Alanine+KNO; 0.0549 0.0136 2569.48 0.325 - 1.871 [36] - [39]
overall average 0.213 0.156 0.934
1.02 1.02
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Fig. 3. Experimental results for the ratio of the activity coefficient of L-Alanine in the presence of electrolyte and in the absence of electrolyte:
(a)L-Alanine/NaCl aqueous solution, (b)L-Alanine/KCl aqueous solution, (c)L-Alanine/NaNOj; aqueous solution, (d) L-Alanine/KNO;

aqueous solution.
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Fig. 4. Effect of electrolybtye concentrations on activity coefficients of
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Fig. 5. Experimental solubility of L-Alanine in the aqueous solutions
of different electrolytes at 298.15 K.
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Fig. 6. Experimental and calculated activity coefficients of L-Alanine (yif;) in aqueous electrolyte solutions: (a) L-Alanine/NaCl aqueous solu-
tion, (b) L-Alanine/KCl aqueous solution, (¢) L-Alanine/NaNO; aqueous solution, (d) L-Alanine/KNO; aqueous solution.
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Fig. 7. Experimental and calculated densities of L-Alanine/electrolyte aqueous solutions: (a) L-Alanine/NaCl aqueous solution, (b) L-Alanine/

KCI aqueous solution.
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Fig. 8. Experimental and calculated mean ionic activity coefficients of electrolytes (yfr) in the L-Alanine/electrolyte aqueous solutions: (a)L-
Alanine/NaCl aqueous solution, (b)L-Alanine/KCl aqueous solution, (c)L-Alanine/NaNO; aqueous solution, (d)L-Alanine/KNO; aque-

ous solution.

5-2. O[] Eoll=

oAb a A Eglol M Hal o] Fro] wh ofn]i-Ake] &
i A -] A 2R oD S Qlr). A Sgolo]
ado] 8w x| ke o] EA oM = ohulicAte] gl TR}
2o FYPAS WES}

X v £ =t 4)

Asalo] E3kgl ARRANA ofu]Ate] Sawi Thev} 2
WA S vt

s, ter

ter _ter po,l
X Yaa Taa = £i4 (25)
bi
oluf xyy # X o1EA

o X2] ofniate] BR-gE 6L)O1E} w3y Wy e X
ALl 9] o] iAbe] FHELAG0lH o o) o]
22 o] oJslo] AXkE = gl #h £ = 71FdEe] A
Aol obuliate] FAME] (fugacity)2 oJolake £, = wAlt
ol A 9] ofu]ate] FIAEIS ojulsict, 919] A (24)9} (25)%
FE O 2 WA A8

Korean Chem. Eng. Res., Vol. 48, No. 4, August, 2010



530 olBA -

bin ter
er in fg)
Xiii= xﬂ{”"]{ - 26)

ter ,bin
Va4 fj4A

2] FAANA APFERS] opnAke] FIMAEZF 2 mRke] e
7PgE A% £5/60" = 10] L £ e el 5
o7 @t} 12]u} Khoshkbarchi®} Vera[33]:= o] x-Ake] 11
Fef= sl el ke ih=rha 7Pgaled £ /650" &
3 ol thek AP A BAA O = ARISIGIT

20
~

g

i

in

oX,

oL ol

Vi b Are] o]24 o) o] Al 2]
(26)2] xj; (FAE)E AR 5= ek 2 A4 72 B8 &
A&l B2 agkell digt o] &2 2A= ¢loH, Khoshkbarchi®}
Vera[33[= obv|At 88 2] A3doleE o]gslo] aghks F4F
Sk uf Qleh, & Ao A o] 52 Aol e} o] Ao w =
¥ ofu]iAtke] S8l HlolElE o] 43l aghs FAKSIGIoM 1
ZA3}= Table 33} 2t} FAHE aghs ARESIo] £ 9d+9] o]&4
wdo] oJalo] ohu] ko] LS AALEI]CH Fig. 9014 A1¥
W vl wskolt), Fig. 9ol 2 Alikel opu]iAke] 3= KNO,
TN A9 A3k T] Apol7} oFtt 91O K(Table 3°] ARD(%)
=1.152) th2 Asd gNe) A= Ak vwd 2 X8}k
= 7432 (ARD #tol °F 0.6 ©]s}) Holal Qlrt.

o3} o] L-Alanine/A3ld -8l A ow 54
Alanine®] FFLAF W TS £ Ao o2 ndlg 7Es)

i,
=

L

Table 3. Correlated results for solubility of amino acid in different
electrolyte solutions at 298.15 K

Amino acid+electrolyte a ARD (%)
L-Alanine+NaCl -0.0373 0.413
L-Alanine+KCl -0.0283 0.536
L-Alanine+NaNO, 0.0188 0.340
L-Alanine+KNO; -0.0668 1.152
overall average 0.610
190
e NaCl
o KCI
4 NaNO, A
wod 2 KNO,
— calculated

170

160 - o

Solubility of L-Alanine [ g/kg-H,0 ]

0.0 l 0.5 I 1?0 l 1.5 2.0
Molality of electrolyte [ mol/kg-H,O ]

Fig. 9. Experimental and calculated solubility of L-Alanine in the
aqueous electrolyte solutions at 298.15 K.

|5tast M48H H[45 20104 8

o] Hokou}, & A5-e] o]&7] RelofA= A3 o] e FAZ 1
ZoflA AFE vl Sl ol L °©

Ao o] 2535 Fdshs WS TEsIgl oY, o3 of
v|icAk Y o] 7He o] 45t e A2 TElEkA] 133l
t}. o)Al FAd o] 28] A=At RelEE ERURE & Z10% of
AEARE AR 0 2 S E dlole7 AA7H Bad vt gloH
(A 7ol ofel¥ Z1o® 4# A 9l5[40]), Khoshkbarcho}
Vera ‘5 [41] Hyperchem®] {2} T 4E] softwares ARE5}] ofv]
ake] S BRIES FAKE vz QAR B dtellM = 0]
TS 3] R3S AESH] Jeto] & A9 o]&4] BEollA
£ opial B o8] A5kl o] 7] s Ae-S J1Elst
=] Z3iele.

19} o] & AT-9] o] F2] HElo|xi= o)Al o/ o]
oFol2 gl Fo] 2710 o2 g2 A5 28-S e ek E33Le
2 2] B dlo] o] y-Ak(L-alanine)?] B TAlG 4 232
o] Blw] F£2 dIE Hols H o7 n|Fo] Kol 2 179
oM o242} A age ot Faro] AR ezt
1l o] 23} ojn] Al QA o] 2 7ke] FAk(dispersion) A%
ol B9 Ao 7 F=H) U o) FHo thslo]= a5 A
HEZ}F H sy Az oko 2 opn Al -8

KR

= A4 gli= ofuleat o

1L A

F

|

ofo

1z o

Al
A}

Al
o)
=

F

d

£ AFrolM= oAbl g Hef X o] Haljd W opu] At

FEATE o)A BA) A= (ISEyS AR A7|3kek] v o
=7g3I3lom T3k opuiatke] e mis A FERHEAR O
e} olu]ARe R L3 ohu] Al FollA L-AlanineS
1519 on, A A 2= NaCl, KCI, NaNO; 2! KNO, 53} -2
T 719 gste] 7 716l 23 2ol (NOy B Q)
Jol2(Na" W Kol opr]ieAte] Al 9 ga=e] vX]
FEE HESILE NO; oS 350 % 38k = 78
(NaNO; 2! KNO; F&M)o M= L-Alanine?] 55452 1]
() Bl Cr ol E3tehs Sgoe) ghuth A AL
BOw, Na' 0] 28 K' o] W} BHEwEAGe] vy ) B
S A7) 9EE B B3 L-Alanine®] §8%= NO; ©]

el

N

I J

o

o =l A T %

Hefl €I o2& Egehs 8delr= X avE walth

Aol primitive-MSAS] ##E 21} pC-
SAFT X&o] Ayl wdle) A-8ato] HESIGITE 2 -] o] &
A wdo] oJ3lo] oS ou| Ak FELAF W R % e
A8 glo|e] 9} v wA Ax|shs 2L e Rgon weh B o
Tol A A8 primitive-MSA©] &7} PC-SAFT K.2lo] Ayl o]
A mEe o AbEd gl o] dEhA £498 oSshet

483 Ao 7 7ot



el =ghel ] L-Alanine®] SE5Alre} Sal=e] 574 3l elw 531

#Z A

B o= 20093 A dishn oa] 2| Qo = E syt

IN=A k=

A : Helmholtz free energy of the system

ARD(%)  :average of relative deviation(1/N, damZ|(Xexp—Xml)/
Xeupl100, N, =number of data point)l

a : adjustable parameter of eqn. (27)

C, Cyp Cy; : constants of eqn. (15)

D : dielectric constant of solvent (water)

e : elementary charge

F : Faraday constant

£ : fugacity of amino acid

gf-}s : radial distribution function for a mixture

k : Boltzmann constant

k; : binary interaction parameter between i and j

/ : adjustable parameter of eqn. (22)

m; : molality of solute i]

N : total number of molecules in the system

N, : Avogadro’s number

n : adjustable parameter of eqn. (22)

n, : mole of electron

P : pressure

R : gas constant

S : Nernst slope of cell consisted of two electrodes

T : absolute temperature

v : volume

Xy : fraction of molecules not bonded at association site A

X; : mole fraction of chemical component i

J2[o|A 2K}

i : activity coefficient of component i

Ve : mean ionic activity coefficient

g/k : dispersion energy parameter

€7k : association energy parameter of chemical species i

g5k :energy parameter of association between chemical
species i and j

ki : volume parameter of association between chemical
species i and j

m; : chemical potential of component i

Vi, V_ : stoichiometric number of cation or anion per electrolyte
molecule

p : total number density of molecules

Gy : segment diameter of component i

IRt

assoc : association term

Born : Born term

bin : binary system

chain : chain term

disp : dispersion term

ele : long-range electrostatic term

hs : hard sphere term

1 : liquid state

res : residual property

ter : ternary system

pe-saft : PC-SAFT equation of state

° : pure state

oo : infinite dilute state

O2H& X}

AA : amino acid

e : electron pairs of the oxygen atom
H : hydrogen atoms of water molecule
i, j : chemical component i, j

s : salt

+, - : ion (cation, anion)

exp : experimental property

cal : calculated property
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