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0 Chemical Thermodynamics of Micellization of Surfactants in Water O
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[ Summary ]

Chemical thermodynamic studies on micelle formation of various types of surfactants
such as anionic, cationic and nonionic surfactants were overviewed paying special
attention to the solution properties as functions of concentration C, temperature, T
and pressure P. The correlationship between the critical solution pressure (CSP,
Tanaka pressure) and the critical solution temperature (CST, Krafft temperature) was
indicated in the three dimensional phase diagram of C, P and T for ionic surfactants.
Chemical thermodynamic equations of the Gibbs free energy AG °, enthalpy AH °,
entropy AS_° and volume changes AV, ° upon micelle formation from singly dispersed
as well as hydrated solid states were introduced and how to determine these thermo-
dynamic parameter was demonstrated for different surfactants on the basis of the both
models of micelle formation, i.e., the mass action model (MAM) and the phase
seperation model (PSM).

oooooobooocooooooboobocooooooooboooo
O000oU0oooomoCMCOO 0000 O™ CST,

Krafft Temperaturel OO OO0O0O00O0CSP,
Tanaka Pressurel

googdgono

000000000000 hydrophobic group 00 OO hydro-
philicgroup0 0000000000000 DODOOOOODOOO
Oo00d0o0ooooobObObo0oooooooooboboooooono
00000000000000000000000000000
Oo00d0oooooobooomboooooooooobooOod
00000000000000000-000000000000
Oo00ddo0ooooobObOo0ooooooooooboooooa
Oadsorption0 0000 000000000000 OO0ODOOO
0000000000100 Mo000ooooooogoooo
000000000000000surfactant0 00000000
D000 surfaceactve 0000 000000000O0O0O0O0O
000000000000000000000000000000
Oo0ddo0ooooobooooooooooboboooooo
0000000000000 00000000000000000
Oo00ddo0ooooobObooooooooooobooooooa
00000000000000000000000000000
Oo00ddo0ooooobObooooooooooobooooooa
00000000000000000000000000000
O micellizationO O O O micelle formation0 00000000

60 T T T T T T T

MEGA-10
" 10T
® 30T
NTM
110t

a5 - \ D30T 1

a0 F

35 -

30

Surface Tension y/mNm™

25 - b

20 1 ) 1 1 : 1 1
75 7 65 6 55 -5 -45 -4 35

In C / mol- kg™
0O .10 Surface tension vs logarithmic concentration for
MEGA-10 and NTM in water.

OO0 micelle00000D00O00O0DO0ODOODOOOOOOO soap
000 detergent0 0000000000000 OOOOOOO
0000 association0 D 00000000000 OOOOOO
000000000000000000000O00000OOoOO
......... 000000000 DOD self-associationd 000000
0000000000000 000000000000OO0ooo
000000000000 0000D000000 (dimer, trimer)
0000000000000 000000000000O000oO
gobooooboobobobobuooboobobooobooo
0000000000000 00O0O0O0dispersiond000O0O
000000000000 00o0O000o0Ogemulsiontn
0000000000000 000000000000OO0ooo
goobooooboobobobobouoobooboboooboo
0000000000000 000000000000O00OoO
0000000000000 00 solubilizatonoOooOoOoooOooO
0000000000000 000000000000O00OoO
goboooobooboo
0000000000000 000000000000o0ooo
O critical micellization concentration (CMC) 0O OO QOO
cMCOODO0OO0OD0O0OO0ODOODOO0ODOODOOO0DOOODOooO
0000000000 oligomer0 0000000 aggregation
000 association number0 000000000000 OOO
goooCcMCOOOOOOOO0OO0OOO0OOoOoOoOOOOoOooooo
000000000000 0OOoDOoooCcMCOOOOOOoOooOO
gobooooboobobobobuooboobobooobooo
00000D00000OOoooooCcMCOOO0OOOOOoOoooQ
goboooobooooboobobobobooo
0000000o0oOoooCcMCOOOOO0DOOOODOOoOooom
gobooooboobobobobuooboobobooobooo
000000000000000000D0O000000000O00
goobobooobobooobooboboooo
000000O0o0ooooooon
Moooobooboboooboom@boobobooobooo
000o0o0ooooooo



DO_II‘n News No0.95(2000)

gbooooo
mooooboboooooooooooooboboboooboooooo
goooooobooobooooobooon
ooooooo
moooboobooboooooooooboooboooobooo
gooooo
ooooorm

gbooboooobooobooooboooboobooboooooooon
goooooooooooooocooooooobobobooooo
gboobooooobooobooooboboobooobo

1.000000000000000000000O000
Jodd0d00oO0oDoDoObObOOo000o0ooboooboobooooooa
oo0ooooooobobooooobooooooooooooo
0000000 Shinodao OO Colloidal Surfactants 0 0 0 0O
0000000000000 000000000000000
0000000000000000000000%*000400
000000000000 0000000000D0000O0 "Mi-
celles"O MoroiDOOOOODOOODOSIOO0OOMoroi0OO
00000000000000000000000000%gQ
gooooooobooobooooa

1.10000000000000 0O —Mmass Action Model
0000000U00Oo0oo00oOoUoOoUoOooSoUoOoOod
DDI:IDNa*DD[IDDI:IDDDNaSDDDD[IDDDniDEID
ooopooooooMioooDoodmbOOooooooooo
godooooooobobooooobooooooooooooo
J0d0Mmoooooooooooooooooooooom
godooooooooobood

K1,
mlNa+ NS M
K2
. -
m,Na +n,S 5 M
o
o
Ki
—

MI

1

? (1)

mlNa++n|S'
0o ooooooooooooooo@moooooooon
00000000ONatOS OO0O0oOoOONa'ooosSooooo
I:IDElDI:IDDDDDDDDDDDDDDDMiDDDDDDDD
Joooooooogo

[Na]+[s]+Z (m, n)[M]=0 @
00l0o0ooooogooo KiIZID[IEIDIZID[ID
K =[m]/ [Na]"[s]" @)

goooooooooooooooooooooboboooooo
OnODOO0OOOO0O0O0OONOOOODODOOOOOOODODODOO
oooooooodon0DO0OO0OOOOMOO0O0DOODO0OOOO

M]=k [s]Na]" @

oopooooooopocOoDDO000loon40000000
od

] = (c.- [NaT)/m=(c.- [sT)/n ©
0005000000000 000000D0o0oOooooooan
O BDDDDDDDDDDm/nDDDDDDDDD

m=p=(c,-[na])/ (c,-[s]) ©
gooOoo400000000

In[S’]:—BIn[Na*]—(lln)ann+(1/n)In[Mn] )
00000 B=m/nO00INODSODOCMCOOO InONa‘DO
O0O0Oplot0 00000000000 BOOODOOOOOOOO
000K OODODOIMmMOOOOOOO0OO00000000000
000700050 000000000000000000

ins]=-pin{(@-pc.+ dsT) -Eink, + 2 in{(c-[sTh} @

0 O 0 MoroiO Sodium dodecylsulfate (SDS) 00000000
IN0DSOO0O INONa*0 D plot0000000000000000
0700080 0000000000000 O0O0OOODODODOOO
00000K =230,n=6400m=46.7(0 f=0.73) 000
O000bukOOOSOOONa'OOOOODOOOOOOOOO
00008000000000D0D00DODOO®?000000
0ooooooCcMCOOOOO0MmMSOOONa'Doooooono
00099%000000000INOMO0OO0 InK 000 3%0
0000000000000000000000000 CMCO
00000000000000000000 plot00000O0
00000000000000 B=mnO00000000O0OOO
ooooooooo

InCMC=- BIn[Na*] +constant 9)

O0OO0O0ONa'OODOO0OOONaClOODODODOoooooooooo
ONa'OO0DOO0OOOoOomNa‘O=CMC+ONaCloooooQg
000000O0@UoO0000000000Doooooooono
00000 OO0000000000000000 InCMCvs
InONa'O O plot O Corrin - Harkins Plot0 0D 0000000
0000000000000 ROOOOODOOOODOOO0OO0
D15-19ED
00000000000000000000000000000
cMCOOOOO0OO0OO0OO0OO0OO0O0O0O0O0O0O0O0O0O00°SN

casTenk s (10)

1/k,=2n(n+m)(cmc)""0 (n>>1000) (1)

0000000000000 0 ImolO0DDOO0O GibbsO OO
ooooooooooooooooooooooooobooooo
ooooooood

AG'= (Hﬁ—nu:—mufa )/n



DO_II‘n News No0.95(2000)

00000nAG°=-RTINK 0000000000000 0000
ooooooo X, 000oooooocMConoono

[66 = (e n)RTinx_ R Tfn)inlzn(rem)] | a2)

cme

O00Omm=p000000000O00O0DAGDOODODODOO
gooooobooooooooooboooo

AHIRT? = - (1+B)(0InX . /9T) p~(9B/aT)r InX

c

—{ a(lln)ln[Zn(n+m)]/6T}p (13)
AS°= - (1+B)(0RTIN X, _/0T) » ~RT In X__(3p/aT)e
—R{a(T/n)In[Zn(n+m)]/aT} P (14

0000000000000 00000n0OooDnoas O aHe
goooooooaveoOoooooooovVoooPooOooo
oooooooocoooo

(0aG/oP), =AVODOO0OO00D0O00D0(12)0T=const. 0000
OO0POOODOOOUODOODDmMOODOASOAHODODODOO
ooo0o0o00o0oo pUoiOO0nNni0OODOOOOOOOOO
obooobooobooboooooboooooboooooOooobooooo
omaAaveooooo CMCOOUOOODOOOUOOOOOOO

000 1-10o0o0oo0oooooooooooooo

12 0000000000000 0 — Mass Action Model
goooooooooooooooboooooooooboooooo
OnO00000O0O0O0DOOOODOODOOODOOOSOOOO
nS>MOOO0OOO0O0O0OO0O00O000O000000000000
000 GibbsODOODODOO

2G’= (1&-ri )ln

O00OO0OMoroi000OO0OOO0OO0DOOOONDO 50000000
0000o000o0o0o0o0o0o0oooooooooaAaGeoon
0000000oooooooos,d

AG*= RTInX,, +(RT/n)in[2n7] (5)

000oooooAaS 0 AH OO ODO0OODODOO0DOoOoOOoooooo
oomoooooooooceMCOOUUOODOoOOOODOoODO
goooooooooooooooooooooobooobooooo
0ASOAH ODOOOOOOOODODOO0DOOOUODOUOODOoDO
oo

A= -RT(@Inx , /aT),~2(an/aT),(1-In2n?/2)/n7] (16)

AS’= ~(RTInX, [3T),~(R/n)in2n

-2RT(an/aT) (1-In2n*/2)/n? 7

gboooboonoOoOO0OOO0ODOOO0OOOOOODOODOOOD
oooooooooooooooooooooooboboooooo
gbobobooooOooboooboobo0ooooboOnDObOOOn
ooooooooooooMOOOOOoOOOOOODOOooOO
gboobooooooooooooboobooboobooboooooon

god* doooooboo0or ooooboobobooooooo
000000000 (Mass Action Model, MAM)O O OO

13.00000@(hase) 000 000O0OOODO0O

— Phase Separation Model
OOMAMOOOOOOOOOOOOO(phase)D0Ooooon
0000000000000 0000O00ooOGibbsooonO
0000000000 o00O(pseudo phase)d 00 o0ooon
0go0ooooooooooobobobobobobooooboboooboo

OBukDODODODODODODOODOODODIDOODOODOOO 1000

00000000000iI=2,3.00000000000000
pou"oooooooooooobooooboooooooo
00000000O0ooOo®

du(T.Pxsxs) = du(T.Pxpxr)  (18)

000000000020000000000000000000
00000000000000000000000000000
0000000000 &, =,™(T,P)+RTIna," 0 000000
00000a"=10000000pw =w,™(T,P)0000000
00000000 p=p°(T,P)+RTINa,, 0 000MO000
00000aS00000x,°,00000f00000m

000020 1mol00000000000GibbsOOOOOO
000000AG 000000000000000AG 0000

AG, =] - p5 = W - pu5° - RTInaj (19)

000000 AG,=000000000000000000

AG? = 1) ~15° =RTIna; (20)

000 a0 const. (T,P)I0DOOODDOO

000 Gibbs 000DOO0DOO0AG, =aH_ -TAS, 00 AG,°
=AH °-TAS °000000D0AH, OAH °00AS, 0AS °0
000D0000000000000
000D00000000000000000000000000
000D0000D00000000TOPODOOOOOODDO
0000000000 1000000000(x=1)000000
000 1(w=p,>°)0000BukD00000000000000
000000 3 (k=p,+ RTna)0 00000000000
000D00000200000000000000000000
000D00000D00000D0000000001000000
20000000004G,°04H,°0004S °00000000
000D0MOD00000000MOD000 1000030
000000000000000000000000030
00D000(20)0AG,°00000000CMCO0DO00D
0000a,000000000000000000000CMC
000D00000000000000000000000000
00D00a =x°=[CMCI000000D00000000D00
00000000D000000000000CMCOOO0DO
X,,.000000(20)0

AG. =RTInX,,, (21)



DO_II‘n News No0.95(2000)

ooo0ogoooo goooo2

Omol0 00000000 o o [Bmol D000
NG, =AHp, -TAS, 00000000000

W= ay =1

ME=H3°, x5 =1=2a3

ooood
(AH13 = 0)
go0000000
oooo
(AG13= —TAS13)
= RTInx

ooooo
AG,=0
AH,=TAS,,
=AHp,

ooos
oooOoooooooq
ooooooao

ps = ps° + RTIn a3

00000000 0O0D0OOo0OoOg (Phase Separation Model,
PSMDOOO CMCOOOODMmMOOODOODOOOOODOOOO
00000o000000o
00(LOO0DO0000D00o0ooooooooaosm

AHC = a(AGm/T) —_RT? {amxm} M (22)
oalmn |, aT
AS, = (AH; - AG;)/T
=RINX,, - RT{LnXC"‘C }
aT e
=AS,-RINX,, (23)
AVD:{%} = RT{%} :AVm (24)
mlP Uy P It

00D0AS, OAV, 0AG, =AG °0 RTInX, 000000000
(00G, 0 0P), =AV, 0D H0AG, 0 0T),=0AS, 000000
O0AH, =TAS 0OOO000O000DO000D0O000MOO
00D0000(4)000000000000AV,°=AV, 000
00000000000000000AVY,°# AV, 000000
0000000D00000000000 1D
000O0PSMOOODOOOOOO0ODOOOOO0000D00O
0oooo
000000000000000001-1000Na'0S 000
OPSMOOODOOOODOOMODOOOODOO000O
00D00D001000000n000000000000000
0000000ND BO0O000D0000D0000000O000
00 GibbsDODOODOODO(25000000

AG? = RTINX . +BRTINX .. (25)

cme

Jo0o00ooo0ooooooooooo CMCOOOOoOoooo
000000000000 plot00000O0O0O Corrin-Harkins
PlotDOODOOODODOOOOODOOODOOOOOOOOBOOO
00000009 00000000000 oooooooono
CMCIZIDDDDDDDDDDDDDDDDD(ZS)DAGmOD
RT=InX X POO00O00O00O000CMC][ICMC+0OO00JO

cmc” "Na+

000oO0o0oo0ooooooUoooooooooocCcMCoon

00000000000000000000000000000
0000000000003
00000000000000000000000000000
000NaOHOOOOOOO0OOO00000000CMCO pHO
000000ONa* 000000 H 000000000000
00000000000000000000000000000
000D00000000000000000000000000
00 B, 00 B,0000-log[Na]d pNaO 00O

log[CMC] = const(T,P) + B,,pNa + B,pH

000000000000000000000000 2Q
00000000000 Es)0X,, 0X,,. 000000000
Doooo

AG, =(1+B)RTInX,,, (26)

oooooobooocoooooootcoooooooobobooooo
oooooobooooo
OAH ,AS DO0O0D0O000O00000O :

AH

8S,="2m= — (1+p) RT (

'm

oInX,.
T @7)

gobooboobooooooooo :

AH dlnX dInXna.
AS = &m = RT ( cmc)+ ( ” 28
mT T { T Ir B aT e (28)

ooo3m

1400000000
00000000000000000MAMOOOOO0OOOO0O
000000PSMOOOOOOOOO0O0O0O0OO0OO0O0OOO0O
oo
0000D00000000000000000000(12)00
(26)000000MAMODO00000O0O000PSMOOOO
00000000000000000000000000000
000000000000000000MAMOOO00000O
0000000PSMOOO(R1)DOOOO0O0ONO00O0O000
ooo
000000000000AH O AS00000MAMOOODO
0000000000000[0(16)00(17)]0PSMOD00N
00000000000000000000[0(22)00(23)]0
0000n0D00000000000000000000 (A0
9T),000000000000000000000000000
0000000000000MO00AVOOD000 (9n0aP),
0000000 5™
00000000000 0AH (AH, ), AS° (AS ) D OAVe (AV,)
O000OMAMODOOOO0000000000000(0p0aT),
00000000000000000000[0(13)00(14)]50
AV°D O (B0 OP), 0000000000000 DODO0DND
0oooo g
00000000000OMAMOOOPSMOOOO00O0O0O0O
000000000PSMOODOOO000O0O0O0O00000000
0000000000000000003%90000000000



DO_II‘n News No0.95(2000)

00000N0O00O0D0000D000000000000000
00000000000000000000000
000DO0OMAMOOOOOOOO0OOOO00O0O00ONOOO000O
00000000OnNOO000000000000000000
0000000000
00000000000000000 Gibbs 00000000
MAMOPSMOOOO0OOO0OO0O0000O000000AH O AS®
000000000 (en0 aT),0(@R0 aT), 000000000
000000AVOO000000000000(R0 oP), 00
000000000000@nDeP), 00000000000 %
00000000000

2iddbdooboodoooooooooooodooooon
00000000000000000000000000000
00000000000000000000000000CO00
0000000TOO0000POOO0O0000000000000
000000000000000000000000MO0000
000000 C,T,PO0000O00000O0000O0O00OO
ooooooooooo

21.000Kraff 000 CMCOO OO
goboobooobooobooobooboobooboooboobobooobooo
OOcloud pointD 000000000 O0OOO0OO KrafftO
OKrafftpointO0 00000000 OCMCOOOOOOOOOO
ooooood
0000000000000 000000 polyoxyethylene alco-
holDODOOOOOOO CHEIDDIZIIZIEIDDEIEIEI EmIZIDDD
CnEmDEIDDDDDDDDDDDDDDDDDDDDDDDDD
CMCOOO0O0O0O0000%000000000002%2000
goboobooboooboooboobooboobooboboboobooo
000000ooooooOooo0ooooooooooooooo
gobooboooobooobooooboobooboobooboboboobooo
goooooooooboooooo
goboobooobooooobooboboobouobobobobooo
0o00ddoooooooboooooooooooobooooooo
goboooooooooooboboooobooooboobooooobo
MEGA-8, -9, -10 U 0O N-methyl-glucamine 0O O n-nonyl-B-D
thiomaltoside D0 000000000000 OO0OOOOOOO
oo0ooooo2(@OOODOOOOOOOOOOOOOOOO
0ooooo0oooooOoooomoounOooooooooon
Jo0o0oo0ooooooooocCcMCUOOOOoOOoOooOoOoOooOo
ooooooooooCMCOODOOOOODOoOOoOOooOOoOOooO
0000000000000 %®29MEGA-1000000OCMC
goboobooobooobooobooboobooboooboobobooobooo
00000000000000000000000%9D0000
O0O0CE, 00000O0m=10,n=10,1600 MEGA-100
000000oooooobOooo0ooooooooooooooo
0000oooooooooo?a
0oooooooooooooooobooooooooooood
goboobooboooboooboobooboobooboboboobooo

) (&

0
@-SMy -Me 35
< 43

125
a-SMy -Et

—HLs

@

LN

MEGA-10

3

CMC / mmol- kg"

|
%&R

NTM

-~ (Cone. of NaCl added/mmol kg™) | 05

2 L L L L L L L L L 0
o 10 20 30 40 50 60

[ 10 20 30 40 50 60
Temperature / °C

Temperature / °C

0 .20 Temperature changes of CMCs for pure systems
of MEGA-10, NTM and a -SMyO Me, and a -SMyO Et
with and without added NacCl in water.

Jddddooobooboooooooooooobooooooooo
OgoOodoooooooooboooooboboooooooooono
Jddddooobooboooooooooooobooooooooo
goodoooooooooboooooboooooooooono
Jddddooobooboooooooooooobooooooooo
goodoooooooooboooooboooooooooono
JddddoboooooonbD zO00000OOO0OOOODOOOO
ooood :DDI:IDI:II:JDDDDDDDDDDDDDDZS)’ZQ)DD
gdoddoooobooooooooooboooooooono
CMC, 0000000 TanakaO 3930 lkawaOd ®0 0000
goodoobooboooooooooooa
goocCMCOOOOOOOODOOOoOOoOoogooog
joddddooooooboobooooobooooooooobooooao
00000000 l00000000b00ooooooooon
O0oooocCMCOOOODODUDOOUOOOOUOO DuNouyO OO
OOWilheimyOOOOOODOODODOOODOOODOOOOOOOO
do0oooooooooooobooboobooboooboooboooao
Aratono®“ 0 Motomura®" 0 000000000000 0O000
gddddooooobooooooooooooboooooooono
goOodooooooooobooooobooooooooooono
gooooooooood
gooooOoooocCcMCOOODOOOOO0OO0OOOOO0OOOn
00000000000k O0O0OODCOO plotD0OO0OCMC
goOodoooooooooboooobobooooboooooono
0ooooooooooooooocCcMCOOODoOo300mo
0ooooooooodoooooooooooo pooooo
0000¥OOo00000000ooo®edgooooooa
00000000 ooOoooA (=K/IC)o vecO plotoo CMCO
0OA0D0D0O0O0OCOO0000mMOOcO0O0oooooocCMCO
O00000000000oooooodkdCoooooogo
O0dOovcoooo pIOtDDCMCDDDDDDDDDIED"‘OD"”ED
OO0dkdCOvVeOoDOOOOOOOOODOO0O o 1-p00O0
Oooooooo¥L2goooococMcoOoO®sooooooa
000000000000 MMO0O00ooooo%®pooon “o
dddddooobObobooooooooobooooooooo
goOodoooooooooboooobobooooboooooono



DO_II‘n News No0.95(2000)

0 .30 Schematic illustration of CMC based on the definition of Phillips.
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Chart 1. Determination of a-keto acids in serum and urine
Serum sample soln. :

Serum 5uL
40 uM a-Ketovaleric acid (IS) 5uL
0.8 MHCIO, 80uL
0 Centrifuge (1000 g, 10 min)

Supernatant

Urine sample soln. :

Urine 5uL
40 uM a-Ketovaleric acid (IS) 5uL
H,0 90uL

Mixture

Sample soln. 50uL
50 mM DDB in 0.5 M HCI 50uL
0 containing 0.7 M B-mercaptoethanol
Heat (100°C, 2h)

Cool in ice-water

Reaction mixture (10uL)
Apply onto RP-HPLC

Detector response
Detector response

18 12 8 4 4 16 12 8 4 0

Retention time (min) Retention lime {min)

Fig.2

Chromatograms of the DDB derivatives in normal human: (A) serum and (B) urine. Peaks: 1=a-ketoglu-
taric acid; 2=pyruvic acid; 3=p-hydroxyphenylpyruvic acid; 4=a-ketobutyric acid; 5=a-ketovaleric acid;6
=a-ketoisovaleric acid; 7=a-ketoisocaproic acid; 8=phenylpyruvic acid; 9=a-ketocaproic acid;10=a-keto-
B-methylvaleric acid;11=glyoxylic acid; 12=unidentified; 13=DDB. Column: Radial-Pak C18 (5 pm ; 100
x 8 mm |.D.). Mobile phase: methanol-acetonitrile-40 mM phosphate buffer (pH 7.0) (60:40:95, v/v).
Flow-rate:I.2 ml/min.
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Structure of natural sialic acidsC N-and O-Substituents together with their positiond in parenthesesCin
the neuraminic acid molecule are indicatedO Several combinations of these substituents are known
and up to three O-acetyl residues have been found in one sialic acid molecule. N-Acetylneuraminic acid
9-Phosphate is an intermediate in sialic acid biosynthesis and has been found so far only as free sugar0
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Chart 2. Determination of N-acetyl (NANA) and N-
alycolylnueraminic(NGNA) acids in human and animal sera

Human (or animal) serum
025 mM H,SO, 200pL
0 O Heat (80C, 1h)

07 mM DMB in water 200pL

0 O O containing 1.0 M B-mercaptoethanol
0 O Apply onto RP-HPLC

0O0d0and 18 mM Na,S,0
2
1
2
2
2
2
‘JL | L.
1
3 3 3 3 3 2|l 3

27273
T —
2 8 018 12 6 012 & 018 12 6 012 & 012 6 012 6 0

00 Heat (60C, 2.5 h)
Retention time (min)

S5uL

0 O Cool in ice-water
0 Reaction mixture (10uL)

Detector response

Fig.5

Chromatograms obtained with sera from :(A) human;(B) horse; (C) swine; (D) rat; (E) bovine; (F)
sheep;and (G) mouse.Peaks: 1=NGNA;2=NANA;3=DMB;4-6=unknown.Column: Radial-Pak
C18(5um;100 x 8mm I.D.).Mobile phase:methanol-acetonitrile-water(25:4:91,v/v).Flowrate:1.2ml/min.
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Chart 3. Determination of total ascorbic acid in human
serum

Human serum 2uL

0 10 mM 6,7-Dimethoxy-3-propyl-2(1H)-
0 00000 quinoxalinone (IS) in CH,OH
10.6 M TCA 100pL

0 O Stand, 0C, ca. 5 min

v 0 Centrifuge ( 1000g, 5 min)
Supernatant (50pL)

0.3 M Na,CO, in acetate buffer (0.1 M, pH4.5) 50uL
1.0 mML, in 1.5mM KI 1opL

b O Stand (room temperature, 10-20 s)

50 mM Na,S,0, 10uL

I DDB soln. 50uL

D000 (prepared in 0.1 M acetate buffer (pH 4.5)
000 containing 0.1 M Na,S,0,)

1 0 Warm (37°C, 30 min)

Reaction mixture

0 0 Apply onto RP-HPLC (10pL)
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