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Abstract

In testing of a hypothesis whether a (mx1) multivariate normal
population mean vector has a particular value po. Generally we can test by using
Univariate T-test or Multivariate Hotelling's T2-test. However the differences
between the two tests are not widely investigated or discussed; as we shall see.
The objective of this study is to investigate and compare the property of these
tests using the percentage difference in relative frequency of the conclusions
that reject H( for the Multivariate Hotelling's T2-test as compared to the Univariate
T-test, for the range of maximum values of (Uj-pop: j=1,2,..m . The data were
obtained through simulation with repeating 20,000 times for each predicament
of the experiment. With this study, I found that when the maximum of the
difference in mean values (at least one variable) between the true population
means (1) and the expected population means (pp) is small, using the Univariate
T-test is more efficiency than Multivariate Hotelling's T2-test. This result will
be more obvious if the number of variables increases. In addition, when the larger
the sample size is, the smaller is the difference between the Univariate T-test and
Multivariate Hotelling's T2-test. In the case When the true population mean
vector equals to the expected population mean vector, there is a littl.wc‘"\qif ference
between the two tests and each test provides the values of the conclusions that

rejects H(Q) (approximate) equal the given o value. |

a v - D) Y ) s o s
ﬂ'lﬁnﬂaﬂﬂﬂﬂﬂﬂg]u‘lBQﬂ]lﬂaU "T“"1'ﬂ“ﬂ’dﬂﬂ?llﬂi“ﬂﬂﬂlnﬂuﬁﬂizﬁ‘lﬂ5

fvunld X = (X1, X2, ..., Xm) wnwaameigy (random vector) A1lsznaudan
m #ws uez Fmswsnusswuutnfiny (multivariate normal) Tao mx1 vaeiaed fLad
09152903 (population mean vector) 111n mx1 Faunudan W= (U1, W2, ..., Um)'
uaziwadndnaawlstiauianeesszens  (population covariance matrix) ¥uIn mxm
unufan T = EX-(X-)"  Aafuraridunnummiusivies X ssorflugy

m -1

Fers's L -1
(2m) 2 (det T) Zexp(-y(X-W)'E (X-p))

- i s I J L= s I
auyfnguetinnnlszmnifivnssnn ofnnosnifvesdiazanmen (Anderson
(1984) and Harris (1975)) s&ldfdszammidmiunameiswaiomeszmns U uee
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X =4 (Kq Xinty wosat X'
L H
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5 |
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=3 =1 .19
x] bl n 1_] = yeeey m
= i i o [ | o ) -
Uae Xjj flo Adunatesdus x; Adaldanwiandaed1af i

guieirne n vndszrniffnswanusswuudndny m fuds Aliniu
fiwaind aauslsudan ddesnanassusuygiwAnafusuafoficnfgiunén  H:
W= o Woudy  ouyfigouses Hp:p= po o szdusiodfy o fu  msni
YnminaseulAlanerfufuuunagey 2 wuy fie

1. fauwuunesoy  Univariate T-test

2. fauwuunesey  Multivariate Hotelling's T2-test

AIUUNAADY  Univariate T-test

Manly (1986) usmiliiiudy  thdosnimasousnyRgiudons1adandauwuy
[-% J -3 (] L 3 L i
nagouriiatl A wsonszyiimInasoulddianisfuinmifmidsifinasoy

=1
lﬂﬂ S?: 1
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dwfuuderdiuls j=1,2,....m  usz swufins Ho fsshusindég o 68
sthavlon 1 frwesindfnasoy Tj AlTjl >ltaomn1!l wio ethalon 1 Hauwsds
fnndsafudvedfies Houle Hy qu%a Heoniwmieviniy  o/m

MIVUNATOY Multivariate Hotelling's T2 -test

lumInassusnyAgiudads Weorfiufuuunasouny  13szdpaf UM
#edid Hotelling's T2 riou Tand

2 - i
3 =n(x—u0) S (x-Uyp)
v&INtu A

2
o Iy oottty )
m(n-1)
43 W azfimsusnuasuuy Fm, n-m muldderivunin Hy fusss
wazazifiws Ho ﬁi:ﬁuﬁuﬁ‘;ﬁm a @ W >Fg m n-m ¥ prob( Fm,nm >W) <o

WelvidlafsTunssinsoniethedelyforzuanagos FEmImesousy Ay Aty
mmaamuﬁ’nﬂm.,awﬂjmmwnawmum&mﬁu Tanltuuunaseufases

Aa0en9f 1 Rsonteysvindeivruwie n =48  AguanyizrnsAinisuaness Ly
=3 s ’ 1 U s L} J. I o L J
Unfiny 1fln m =3 udliniwwey g usz T Toonnfedwgadfiuane x waz S 1w

X =(11.23 6.92 8.33)d

110.5638 -18.1511 -13.9723
S=|-18.1511 15.7383 -0.7383
-13.9723 -0.7383 18.7809

GIiemedn po= (10 10 10)6 w whiutindfy o =0.05

WU NedoamamousnAgw Ho: = po  finufu Hy: L= po WizAudndirfgdinen

Isnaaey
-ofeuuneaey Univariate T-test
nneums (D Awndaedd  Tj;j=1,2,3
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Mg 1 V- 0.
: v110.563%8
o 692:10 - cn0,
V I3TE E%8
T, 833-10 _ )

V ;48
Hovien | Tj Ldiudiu | t.05y6,47 | =2.4827 (Tnvnaisemisuanuag t)

S19lAd I T2 wsz | T3 ) fdwannda | tooos33, 47!
Fafu o sefutodfy o =0.05 Adwun Sefes Ho A9 po = (10 10 10)d

-0y unesey Multivariate Hotelling's T?-test
vndoysfirvue gl (X' = (1.23 -3.08 -1.67)

ua T’=n (I—pOJ'S'l(;—uo)

0.0128 0.0183 0.0102 | 1.23
=48 (1.23 -3.08 -1.67)[0.0183 0.0818 0.0146 || -3.08
0.0102 0.0146 0.0614 || -1.67

= 48 x 0.9604

= 46.0992

(n-m)T”

m(n-1)

unuAl n, m uway T2

w=ln W =14.7130

Sevhe Woidinuiy Foos 3,45 = 2.8115 GIavinasenisusnuss B sl
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(Analysis of the Cost of Producing Graduates of the Faculty of
Science, Khon Kaen University in 1991)
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ABSTRACT

This the purpose of research was to analyse the cost of producing
graduates of the FACULTY OF SCIENCE , Khon Kaen Universily in 1991.
The results showed that the COST/HEAD was 189,970.08 baht. Of this,
38.67 % was the operating budget and 61.33 % wass the capital budget . The
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average COST/SCHwas 508.47 baht,
67.86 % of which was salaries
and 32.14 % was expenses. The
Chemistry Department had 21,031
' SCH ,which was the highest. Of
this 81.77 % was for servicing
outside the Department. The
Computer Science Department
had the maximum SCH for
graduate production which was
3,853 SCH. Of this, 57.25 % was for
servicing students from outside
Department . The average student
expense/head/year was 23,444.14
baht. Of the 89.54 % was for
living expenses.
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Influence of EL2 on the Electectical Activation of
Si Implanted in GaAs

P.Kengkan, R.A. Morrow
Department of Physics and Astronomy, University of Maine,
Bennett Hall Orono, ME, 04469-5709

We present a model of defect reactions that describes
the electrical activation of Si implanted in the semiconductor
GaAs. The model is fit to existing data that exhibit the
concentration of the native mid-gap electron trap EL2. A
restriction on the possible atomic structure of EL2 is obtained.

Introduction

GaAs is a semiconductor which has many interesting
properties. One of its applications uses gallium-arsenide grown
under arsenic rich condition which yields a high resisitivity
material used in Integrated Circuits. When this semi-insulating
material is implanted with silicon and annealed at temperature
about 950 OC. the implanted region will become conducting. This is
how Field Effect Transisters in Integrated Circuits are built.

T
Rl S
5

1al i
1y

ELECTRON CONCENTRATION (otn)
o
1

0.01 § »

1 10 » 100 1000
SILICON CONCENTRATION (o)

Figure 1 shows the dependence of electron concentration in the
conduction band on the concentration of implanted silicon. 4.5.6.7.8,9, 10
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When we consider the
properties of GaAs and Si, both
of them are semiconductors.
So it is interesting when they
are combined together, how the
material become n-type. This
property has been investigated
for many years. Also from many
sources, it has been concluded
that there is a deep electronic
trap called EL2 responsible for
the semi-insulating property of
GaAs.2 It is found that this
defect can react with implanted
silicon and give electron to the
conduction band. The mechanism

for this is unknown and is the
main purpose of this study.
Many papers over the years have
suggestion that EL2 contains
ASGga, perhaps in association
with another point defect. We
can increase the EL2 concentra-
tion in GaAs by in creasing the
As fraction. The dependence of
electron concentration in the
conduction band on the concen-
tration of implanted silicon
and the concentration of EL2
are shown in Figs. 1 and 2
respectively.
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EL2 CONCENTRATION ( 10 cm )

Figure 2 Shows the dependence of electron concentration (at
a constant value of concentration of implanted silicon) on the

concentration of EL2.1
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Model of Defects Reaction

In our model we can assume without loss of generality
that the implanted silicon is initially distributed on both Ga sites
and As sites equally. During the activation anneal at 950 ©C,
thermal equilibrium is established or the bulk of the silicon
occupies Ga sites. We may explain the net reactions during the
annealing temperature as follows.

2SiI e Si+Ga + SiﬂAS ............................ (l)

Sl+Ga g5 Sl—AS = 2SIG3V+AS + 28- .......................... (2)

SIGaVTAS 4 EL2 T SlHGa - eccoeeeverirrrnnnrrnnrinenereinienensesnes (3)
SE

Method of Calculation

In order to find the relation between implanted silicon
concentration, and electron concentration in the conduction band,
we use the mass action equations. For this model the reactions in
egs.(2) and (3), we can write the mass action equations as

N R S BNBaUMBEr. ...ooiicioinemsmirosomrsnmnesstosaes (4)
and  NeXBELIBE & B0 ey, .ot onssiossisss sorssnsireimenssons (5)

In order to define the characters of each defect, we define the
stoichiometric signature of each defect A as 8A
Where 8A = number of As atom in the point defect A

- number of Ga atom in that point defect. ...................... (6)
s0 0gG = 1 and dgp = -1, etc.
During the reaction the number of Ga atoms and As atoms must
be conserved, and the number of Ga sublattice sites must equal
to the number of As sublattice sites, so

SENEENgG - Naa S SENEo il el atigeni e, L (7)

The silicon concentration must be conserved so

N o e N G A B N e e sars it s et an brat ae e (8)

At room temperature the electron concentration of the sample will be

np = N*tgy + Ntgg - N QUL e s s s s s s ST (9)

and at high temperature

B -2 s N gy + NF e - Noga Je o il g anl (10)
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From all of these relations we can calculate the
concentration of electron in the conduction band, ny, at various
concentration of EL2 and implanted silicon, when we choose the
appropriate values of the constants of reaction, K] and Ko.

100 =

X

ELECTRON CONCENTRATION (otm)

1 10 100 1000 ,
SILICON CONCENTRATION (6cm)

T T T t—rTrrr

e —
1000 10000

Figure 3 shows the eletron concentration in the conduction
band as a function of the concentration of the concentration of
implanted silicon at a constant concentration of EL2. ® N 2F s the

result from modelling.

The other curves are from experiments.4. 5. 6. 7. 8. 9, 10

The results of model Calcula-
tion

The results of calculations
from the above model are shown
in Figs.3 and 4. From Fig. 3, ata
constant concentration of EL2,
the model predicts that the
electron concentration will
increase as the concentration of
implanted silicon increases.
When compared with the
experimental data, this model
explains the general trend.
However from experiments the

eletron concentrations at very
low and very high silicon
concentrations are lower than
the result from modelling. In
Fig. 4, at a constant silicon con-
centration of 2.33X1017 c¢m-3,
when the concentration of EL2
increases!: the concentration of
electron in the conduction band
increases. This perdiction is the
same as the experimental result.
The value of stoichiometric.
signature of EL2, which gives the
best resultis g = 3.
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2.1

17 -3

ELECTRON CONCENTRATION ( 10 ¢cm)

1.4

Iy
'.l.

Tgat

0.5 1.0

6 -3

16 =
EL2 CONCENTRATION( 10 cm)

Figure 4 shows the change of electron concentration in the
conduction band as a function of the concentration of the concentration
of EL2 at a constant value of implanted silicon concentration. The result

of experiment is from Brierley data.l

Conclusion

At a constant value of EL2,
the model can predict the change
of electron concentration as a
function of silicon concentration
that corresponds to the experi-
mental results in some region.

At the highest Values of silicon

concentration, the model
predicts a value of electron
concentration that higher than
experiment. In order to improve
the model to predict the value
that corresponds to the
experimental result, the new
model should include other
reactions and other defects
which will reduce the electron
concentration. At low silicon
concentration, the model

predicts an electron concentra-
tion higher than the experimen-
tal result. this may be because
in the real material, there are
some acceptors, notely Cag, so at
low silicon concentration, these
dominate and cause the lower
electron concentration.

When we implant at a
constant concentration in the
substrates which have difference
EL2 concentration. the model
predicts that the concentration
of electron will increase as the
concentration of EL2 increases,
which is the same as what
Brierleyl found in his experi-
ment. This is because EL2 in
the reaction in eq.(3) has
reacted with SigaVas and
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produces Sig, which will be
used in the reaction in eq.(2) which
produces electron into the
conduction band. This model
suggests that EL2 should has
stoichiometric signature g of
three, i.e. Asgy Vag or AsgaAs.
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mM3AnyINgAnssnvedlessurlemulalumaiia
TeaaulnsanlnnsillagIzmsnsraTama Potentiometry
a3 lWvh Ca ISE

Study of ion chromatographic behavior of phosphate ions

by potentiometric detection with a calcium ISE.

LEIINT UTHUD *

om\

UNAALD

el fumsfnmuasUssyndledalwi ca ISE (Calcium ion selective
electrode) il Busirnnidviuasainlossunomuagiuuudis g Tunefinloseu
laswnlans R 1afnsianazmanaseslasulanmfAfmasandimuneniinzvivenva
uuuds o lueeduillasinlans ?  wszfnsdSoufbusaiazninassaiodiniiey
Wesafioenvinaefullasnlanafiudslnih Ca 1SE TauS%ase (direct detection)
usz3h0en (post-column reaction detection) ussisusnIsaAIIzvidSuniwemwn
uuud q Tuastnwendretaladldszuuasavindldwauniv

The applicability of the Ca ISE as detector to monitor the
separation of phosphates by ion-exchange chromatography(IQ) was inves-
tigated. Experimental conditionsforchromatographicseparationof
phosphate species were studied. Post-column reaction detection of
phosphate ions in the column effluent was examined in comparison to the
direct detection with Ca ISE detector. Finally, the application of Ca
ISE as an IC detector is demonstrated in the determination of phosphate
1ons indetergent samples and the results obtained were compared to those
obtained with spectrophotometric post-column detection.
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L ymn
mskensifnavesnAfyuuy
waznuangirieduiisslonin 3o mond
ST LU $2%nen Inoenandnisunng
nMsNEAT gacunssy 3anfefliaentine (1)
afladinTzvivemwWafisnrsotinsevle
HarflauazuBnnwesvagUuuydng 7 lu
Vs uAINU 1A inedednaSnlnsuilnns
wuuszBnBaawge (High performance
liquid chromatography, HPLC) %l
vanafdafusgfururunisuonfingzd
(mode of separation) SEmIns v dieuas
rinvoaniosnsrinnomne
nMInINIAnIIRouENeI 0N s TLE
lunefle HPLC uvaflu 2 Yssuam Aenas
n32vInlnunsy (Direct detection) uas
m3navinlanden (Post column reac-
tion detection) Tmu3Busnindesnsaeie
SINITORBUNUSIReNNITRYeINIT eluate i
sonnnredNlasnilans W iloonse  dqu
'lu%ﬂﬁwmm?aannjﬁ’m:nauuumdouuﬂﬁ
UIEMIreImsesas mobile phase
f9v13 eluate mwrsovivlantRduden
v infuvdesnsdlé e mobile phase wa
eluate eenvinmednlufanIosnsansn
in3osnIavTnrzunnsdy g nneuruosfl
qonnnpIiuLInIo eluate Wu nsasaesn
flflunsfnmwgAnssunialasnTnng @
vosloseunemun Tnltn1znaninastinag
ueaviamandind 14 manenunduung
it UV-Visible Tre%se (2) wae
den (3,4 ms¥edeilvnimeesum (5 6)
Flame photometry (7) Atomic
absorption spectrophotometry (AAS)
(8,9) ICP emission spectrometry (10)

midedimisdhlindy  (5,7.11) uas
coulometry (11) 3¥msfidesldun (3,0
Huitdondadosriz1iAna 138 Tno warsdl
foanratinarzviim) §RSunussfivinlvifn
fvdanninfeufioentinnedulnsulang @
Fadutotutudost dudwtudua sivla
Vinfid i ftonfue luat efloonvinnedul
dwmiunefln AAS  {ufludesldindosflodl
Tudouwarrimuns  daunislefi Wy
ion-selective electrode (ISE) flu
infosnianinitiustnasfilinsnnuas
widosloffl i3 laiuwe Wdlinsuseyndld ISE
dmiunishinszilosouriinBuon Suremmen
lannaflalasualans @ oy §2lWin sil-
ver halide (12) uaz W iodide
(13)

nuﬂuiﬂunwﬂnmm:ﬂ:zqmﬁ
#2lwWh calcium ion selective elec-
trode (Ca ISE) deldiflwedoinsanin
vomwnlnmnafin HPLC Inu%Ensouss32don
sahsfinmsnazTnsanlans Azl
mIdinnzilnavemnguuudig q 1y
LPLIRETRPT (3T B¥)

2. gUnsainarIEmInaaes

2.1 guniniuaziniesie

wiosfloflfluszuulnanlansillu
mfinmililszneudandauddigrre q A
tuflttwmtuduesazameluent A iflu
wuy (Waterssolvent delivery sys-
tem Model M-45) injector &wiudn
’sazandeny (Waters loop injec-
tor Model U6K) modusllmasuilani fifle
Tumsunnfinnisvivemnn  fe Waters
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IC-PAK A Fufuneduskninnd linfluuiy
Tin
polymethacrylate 14 10 Um h3o9-
mindefild Ao 4l ca ISE sawlu
flow-through cap (14) Yamifndlnvn
1nA3es Activon pH/mV meter (finufu
FAWW61989 Ag/AgCl ¥flm  double
junction szuudefndlnWqdeiduades-
Tufinuauwvudeiflos (chart recorder)
uszlulnsronfamed (15 nrimsandnlen
356owlf Desaga Pump Model 131900
v dduesassndalsznousincat ity
5.0 x107°M usstivineiusisadndyw 0.04 M
csazaoild pH 9.4 uaslneludminda 1.25
gnuarfTuAATHouT? sIazalefiesnian
nefNslaslans Razvinl§isedu ca®lu
socfinfoudlufedalidy  caISE m3
NARBINTEHNA 26 C

anion exchange gel

2.2 @&ipd

nsfnelfssefinanoaii g
winnmsssandlwhndudtruszuuvinly
u3gnt (Milli Q water purification
system sIszanfiandluszuulasnle
nifdesnsosiwionsosauin  0.45 m
n3U3U pH 1898Iazae trimesic acid
Folfiflumsazann eluent nizvinlaeldms
azan NaOH  §Asusavesmsssaiteluent
ff 1.1 gnunerdtrufinasdeurd 14inds
M3un 100uldniudamiasaatiIzuy
Tasnalansa®  @sszsniassiudemne
fle  laun  ssezaivesslsvesiva
(orthophosphate, PO*) Twlsvomne
(pyrophosphate, P0*)  unzlnilwd
wemna (tripolyphosphate, P,0,")

3. HamMINAasLazIN ol
3.1 mafnwianzlasaile
ATINTL VN IZETY

Tunudieilafneeniizniimeses
losoulasanlansn? (Ton Chromatogra-
phy, I0) fwsnzeudimiumuoniiniizy
vomna Faldun  msfnenefla wszeaw
WuduressInsan  eluent  32NN9 pH
uszdasnisive Favialinanisuendiesizvil
resolution usy retention fwwizen

3.1.1 w#nre3 eluent

Uadudfy 2 teiefidesRnson
lumifiensfia eluent Avnzanlwnadn
IC fio relative affinity 189 eluent
wfimfu  wazvssmIazanfinfinssididide
s3fanaeTfiilumsusnifouleoau (ion
exchange medium WRZAINANITENIOI
winsasetadlfdmiunisdinTie sy
fawandondalsznousan  eluent ttu §
wnmAnafumTle eluent wfindg 9
lunselute lessunemvasensnnodu
Tasalansfuuuusnidoulosen 1w &3
scone HC1 (9 misesowsy EDTA wae
KC1 (3.4) mIazatwsy gluconate use
borate (16) my3azae phthalate(2,5,17)
WaZENIeeaE trimesate (5,17)  Faan
nsfnedosdulanld3%as2s¥auuy
Potentiometry Tusu3¥ni wuiteluent
Amnrzandsmiuuenlosounesiiazluuy
#1907 lurodil I FemsanTanomnadan
FAWWCaISE fle m3ezain trimesate
wazfasnisinetes eluent #dds 1.1
gnuanrTuRinsdewAidednidasimsive
gefiussmdniaiivundiviunedal  IC
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wiinil Ao 1.2 gnunadirufmsdennd (16)
wonvinil Hawudr falwwh ca ISE §
Ugfituneusuesde P 0 uaz PO, windu
uelnmougUosde PO,

3.1.2 anwtNiueey eluent

waAnssunialasnilansnfves
womvaudszyfinlunednd IC sw1I0
eBuielunentessn retention time (t)
W8 capacity factor (k) vesleseu

1 -1 » L 1 J
winzefln  Fadrundldanannisdelyd (18)

A i e (1
Tnnd t, uae t uey retention time
89 ion AisulausssosmsBuiligniylunedus
(unretained species) mans 1Ay

KAMINANSILIUATIWA 1 usndly
WU retention time voslossunesina
uiszrflennnafiold eluent #faamdy
TuAndu  Wonamdndutes trimesate
aany MIweduIzndie eluting ion ffu
losauromnariazidl unufivusanaraie
IiAamsuanuaouloooufinnnsfan e
W retention time wssWemmRegs
ol eluent Al mdududs e nduwut
R e RE I T L PR IC P L IT T
unmslatlgrunseelud (19)

eluent

k" = k*_[BF_vs/[B]* vm ..(2)

Weo K ifludinsfivessannanis
wsnuanulosouszvitsssisulading =y (O
wee eluent ion (B) sagwnis 3)

aR-N B + AT RN) A 3B ()
Vs usy Vm ifwiniesves stationary
phase usr mobile phase lunedwiln

INANIRANEFU A NEN TSN K

uazANINTUYeY trimesate lufnuwoe
Awudaenadosusnounisdnedes 10
wamdes (3,4,17) udednolsfimmnaudy
4 189 trimesate Fafluinnde reten-
tion wes PO derwn Fafhuwiy PO
fiwamlizpdenndiy PO* uez PO %
@iuntNIutes eluent frlednds
t, roslosounemmaiiiuAniuainiiuan
UszyfiAndusedlesouiu iwsnzuse
voseynniitszyfifdedines
nisuanuBnulessuzidAniuiietssyues
losowAntu  vihueadasululasinlans
silauanuBouuenleseuuyusssne (17,18)
otialsfieny Woldnisnsastnlnesidon 4ols
post-column reaction aeldsniae
MINARDY AILEAIluAIT R 1 wudn $a-
W caISEroumuesie POSuusy PO s
wihtku udlinousussde PO,” waminAnes
M1 t usr capacity factor (k) 19
PO > fumndlumaed 1 TmljAsoans

ADLAUBITOIT LWL Us AN LAY (20)

af-
finity

MR 1 NeTBInNITNTuIe Y trimesate
fAefn Retention wesvemua lu
50
§A1ZNIINARDS:
Eluent : Sodium trimesate
pH 9.4
Injected phosphates : 0.1
M PO, 0.01M PO, 0.01 MPO*>
USnasnda : 100 Wl
Afnmsasnnde: post column
reaction with Ca ISE
AOANY: Waters IC-PAK A
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ANTNTY Retention Time (min) Capacity Factor (k")
[trimesatel
-a 4- 5= 3i-» 4- €~
m PO’ PO, PO, PO, 20, X
§eD 673 19.28 34.52 1.24 5.1¢ 10.00
2.0 6.54 14.94 < ¢ WA 1.8 3.7¢ £.71
2.5 6.37 12:5% 18.83 1:13 3.00 3
4.0 6.22 9.26 11.95 1.08 2.18 3

3.1.3 pHyeIm 13688 eluent

"NNNIANEIBNIwa1es pH 109
mIazait eluent fiflde retention 189
WomafoumasluzUdd 1 Faldmsazane
trimesate unfu 1.5 mM fJu eluent
uaenInsnialaeitdon wudn dwiuns
I¥mInzan trimesate Afaandndud
wilsfln e pH veemIszan eluent
Wndu retention time voavemwARN
Fudan Feflilwnaglussozawdd pH g
loopuromaszefluzilossudafilszygonn
FaRasonliane £ uaz protonation
constant weswesina (PO, PO unz
P,0, * #fi1 pK 111.74 8.37 unz 8.00

3 10
AINEFL) muuumwa‘lﬂﬁ (21)

£ =helag] o sl L
[a'] [ow] K +[OH]
il £ fio mﬁdwwai‘mw‘laaouﬁqﬂ
protonated

o pH Andu  $wavloseufign
protonated sziiwanvionss losoudis
Yszygedinnunniy mwisaduiudanes
mauanidonlossuldd  (25)
retention time (findu wenandl pH

AAnTu  Fdwmrl ionic strength

Fofinarinly

ypamIazetfindy Fafzevd -
tion time nTweufu Frerwe ™
ﬂﬁngm'ﬁmﬂ retentionmss o® ass =¥
Fusffiu ionic strength ..:.—*:ﬂr*
anion exchanger s9efs = o ‘-f-
retention time Fafatwis o8 Sat
Fudunaninnnisfia protomEs oo
vouns lopaufifitszyselt e vt
MIfANIeI ionic stremen® wears
NERHAD

3.1.4 nean e Tieee
Wosnalnonafinlesesles e S

VINNAN TS T aue
7 1 oqUlin e e ——
PLTRIMLRRIG R CITHE TR e S
PAK A lnolfoacse toimesame &
eluent dniuusn 285 = =0
Ut 2 I.Lﬂﬂﬁtﬁﬂ."l.[lm
WALIANIITI RS s Ta
UEAINNYUIIRW ISR SO Samm———

chromatography S e
U0 1T L e
(unretained sposics ST
Frothad ! lusednd  colelie -
Frofinaziil unseedm—
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Faduumnatsuaniouleseuusiamdan
ungnvosnednd  leoouflgnunuiiinead
Tawuanlosenlumsietrsnsgniarina:
aowisenluianisensandn dlosewmsil
YliendlWWsesmsasan eluent findu
vionnny sefidafiedu Fa3ondn
peak vi® solvent peak Wednwmeil
Unnglu I Wlimsesandauuudu o
Uiy (2,6,7,17)
nnlasnalawninfong s §1x30
fuamen resolution (R) 1 (18) dosin

void

miuanﬂ'::ﬁn%mwwaﬂaé’uﬂﬂmﬂnnﬁﬂ

fiuondagnazenn 2 ¥l nrsusndiien R
wndl.5  Fadumsusnsnysel  weznas
uonifinlioyacide R finwlenndy 0.8
A3 2 umodn R, 32wi9 PO * usz
PO, “ifleldmsazain  trimesatefifnain
wmmmq q M oA R, usz 1w
mﬂummumma"ﬂ'ﬁ syUledn mInzaan
eluent #idntu 2.0 - 2.5 MM §NIIn
unlooaufameslea

MIeN 2 Resolut1on'lutmnmﬂmﬂ.mPO Wz PO ° Teolasnlani R leldssszan
trimesate #Aflaamdndud g nv.nJu eluent

[trimesate] (mw pH R
1.5 9.4 2.49
2.0 9.4 1.68
2D 9.4 TP A
4.0 9.4 0.64
1.5 10.0 3.54
2.0 10.0 1.85
2.3 10.0 1.56
24D 10.0 119
3.0 10.0 0.41

3.1.5 wWavesSvamseIezann
fisn

MIfinsInareIiassIssa
fidnfifrionala (sensitivity)  wes
retention time nszvilanldsrsazaie
trimesate \indu 2.5 mM pH 9.4 fu
eluent uazlfmInzay Ca® udu 5.0 x

107° M lumsazanuesmtuty 0.04 M (fu
reagent

fniunisasisdiauuy  post
column reaction Lﬁaﬁﬂmmzmﬂmmgm
PO tintu 0.01M YSwaseine o il
lurofil axldfefifinaugormie o fongawl
UEAIAINENAUTIE NI WA INGIIDIRA  Las
Uinasmsarseddn Dlugld 3 )

&k | SsS|=\T =
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nnusmInaesfld sqfldd) naw-
Taveensinszit (unennmgeresie) fe
AnTwdedivinsmsazanfidnAniy
BumsmnIfidnfinadesn retention time
Twnin  wdvinlweowndesesfiaiiandu
anunhethiluanuniissesiadatnilse iy
wmile baseline wirdunImilsvesnngs
yosrmfununiliAnanmfsulasinses
diffuse wiliefsznie  stationary
phase usr mobile phase tuInYBY
diffusion Yuerfuriisesmsluuou
§3fa0tfdn (18) wlideanIRafindae
vnlunsuendinsizviansinolaswalansaf
wizYilresolution #ine Aevindedes
WWenAUTuiasmsAdaldinansanielwle
nsusndienysel uaz resolution fideants
Tunmsnesestusdely  FolfiSnasmsszan

Adadlu 100 p1

3.2 mudipuiiouitnig
nrvinlnomssuas356en  (post

column reaction)

miszgndlddalwd ca ISE iu
Wansandalunafle  IC el jAsuanou
mupd10ada WY Ca ISEludnsmenisviiem
2 Az Ao mIvwihfireusuesde
AN RrosmIazanlansan (bulk prop-
erty detector) WRZNIIABUEUDIAS
nuanReesn13Aauls (solute
propertydetector) luniflusn minsanin
ol AT imeumuesesialwi ca ISE
AovSuam  Ca” Awdsuudsslumsszas
reagent FuihwneniusiIazaIpfioenin
nodlasnalansfmnaimfilina1oud(14)
dfmfunisasavialnoaseduedou§ise

AOUNHBITOILNNNUTY  PVC Favwd
fainzmnImoususede  Ca’ (Calcium
sensor) luialnWiCa ISE udusaausud
ﬁ1]ﬁﬁ%mnnuuuaeﬁmwu‘laaauﬁ'mm*rmn
UjAi3en complexationld fufs S3lw
Ca ISE 9¢mouUNUDIADleosuNem AT
PR TUE C (HCTC ORIPE QLTI PERTE (RS N
find Wi funnduduseslosswisasasa e
fivsreman ca® umwi‘mﬂmu lvmrn
Aufunwgfnsnviussfoafudessd e
Ca ISE 'Lunmﬁ’uﬁu q (23-29 Fre=c
wazanie (23) wuda e fudaiee o= 1=
(windofuilflunuited Tssmee e
iszneunat Ca* dodecylsulphass wac
tetradecylbenzene-sulphonzts
Jumsanussfelrfinueulenss St
131 IR a s BT uasI T e
calcium-surfactant cosples !:-:
anmtntuuand1dlsnffediasse s

f2lWWh Llenado (24) 'ln'&*s.-:ci-:?.
10912lWR Ca ISE lusiisss =ite e

w3l rfinuenlooouuasusy e =

mmm’Li’m‘lNﬁwﬁmmmm_::
faRlA (surfactant sessitiss

electrode) Birch (25) uss Cramms ==
wudn  FalWWrousue e eee e
fafarfauonloooufiin et L
woAnITniduenfussftssnesseanss =
TEvi a2 WA

WA 2 wenalemaleuss e
minsavia PO Y usx B0 ° e

Ca ISE Inu9% post colums s son
(@ usr lnodtess (D) S=giie sowe
niiasudviy EOS s B0
mam.ﬁr_ﬁw:

fienyinnodus
W ca ISE Tneiffassmsmgs e
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aiavinlanassfinanlagendn  femniso

P - ol T
ARTIEY on;' WaY onms ANAINTNTY
1.0 x 10 M 1o wdsfimfuneaneta

UInnviniy 6ppm dny P.0.“ usx 9 ppm -

dwiu PO ° di% post column
reaction ﬁummmﬁl.fm:ﬁ PO" uay
PO = fidudugondn e 5.0x10° M 30
ppm P) usz 1.0x107° M (90 ppm P) e
6%y ¥l Ca ISE fnralade PO~
gondieie PO Fafulumatinszvilsnm
WomnaTanaslE38nsYalnonse wae
fIaes1e eluent Avinlvinisusniinsizy
WoswalaelasinlanflAAnAA  wasd R
fiminzaw fio m3azen trimesate udu
2.2 mM pH 10.0 Tum3suonBinsizv
Womnalufetamsdndy  S9l¥msazan
ANy eluent uwazmIdviaweswe
Ino38ass

3.3 misaesizviysyom

Wemwalmennafin IC unz Ca ISE

mMImuIBUINesWALAN: 11in
ludedramsdndafgnueniinsizly
sodwilasinlani W3 BiAuunugete9in
CREL LRI T PR RU PR RN R TR PerT
FNAUSITZNININIINGITOIRATOIEIAZA
aIgudemnn 2 wfln AuriaeniSiuves
AN Turemne  fadaerialugd 4

Wiuldd Wil wdunse  wismwsols
TsoWuinonRuned d8 Curve Fitter wn
FNNMITUNAIANINRNWUTTZNITININGITOY
AanemnafuAIaeN 1IN YD IR INLTNTY
omwald  wudr niwdniu POY unz
PO, * RfvdnszBinBanduwus (correla-
tion coefficient) wvinfiu 0.9987 use
0.9995 aNAIAY MTAIUINLSH Iam R
TufethamstndralilusuninCurve Fit-
ter AudoousnaTgIudNwus. (RSD) 169
NIAATITHNINE A BNATTIUA R Wom A
sosrfiaLdniustneee 2.0 x 107 M 5 s
NAWYNAY 2.96 % uey 2.50 % dniy
PO e WaZAN
detection limit lumisfiesizv PO
usz PO *H{A1 1.01 x 107'M wivdy P
3N 6 ppmuas 1.13 x 107*M (P 9 ppm
AINRIAL

ATNNIAL

fptamstnarefiiinadeszvlen
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