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Estimation of uncertainty at reference buffer solution certification

The national standard of the pH scale is the primary standard of the Republic of Kazakhstan, which con-
firmed its equivalence with international comparisons, namely, key comparisons of APMP QM-R19 (2014)
and pilot comparisons of COOMET 655/EN/15 (2017). The standard implements the primary method of pH
measurements using cells without transfer (Harned cells) with hydrogen and silver chloride electrodes. This
cell is characterized by high reproducibility of measurement results. The state reference materials (SRM),
which are widely used by laboratories at verification of measuring instruments and internal quality control,
are certified with this standard. SRM of pH are the accurate samples of chemicals dissolved in 1 kg of
bidistilled deionized water with a specific electrical conductivity of not more than 2-10-4 Cm/m at a tempera-
ture of 20 °C. The paper presents an estimation of uncertainty of certified pH values of CRM-standard buffer
solutions in the range 9.010-9.280 pH. Determination of the pH of solutions is an indirect type of measure-
ment. The reference pH value is determined from the results of measurements of electromotive force, temper-
ature, pressure and other parameters.

Keywords: measurement uncertainty, state standard samples, pH buffer solutions, primary state standard, in-
ternational comparisons, electromotive force, standard potential.

Introduction

Uncertainty estimation was performed according to [1] using the basic provisions [2]. In general, the
combined standard uncertainty of the certified value of pH CRM is evaluated by the equation:

g (A) = 1, 10y 15 ey
where u,,, is the uncertainty associated with characterization of certified values; u;, is the standard uncertain-
ty of homogeneity; uy,,, is the standard uncertainty of long-term instability.

Certified values of the pH CRM as an activity of hydrogen ions expressed in units of pH have been ob-
tained on the state standard of the pH scale. The scientific novelty and purpose of this paper is to assess the
measurement capabilities of the State scientific metrological center for further transfer of the pH measure-

ment units and calibration of working standards.
Method

Estimation of solutions pH was carried out as an indirect measurement. The reference value of pH was
determined from the results of measurements of the electromotive force (EMF), temperature, pressure and
other parameters.

Results and discussion

The entire procedure of determining the pH of reference buffer solutions based on the measurement of
the EMF of the cell and has been nominally divided into three stages. The first stage includes the estimation
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of standard silver chloride electrode potential. Standard silver chloride electrode potential Egg/ agc1 18 deter-

mined by measuring the EMF of the Harned cells Ag|AgCl|HCI (0.01M)| H, Pt [3] using the formula:

2RTIn10 0
Egg/AgCl =E+ F (1g(ch1 ) + 1g(YtHCl)+O'251gp_ ) 2)

Pu,
where E is the measured voltage in V; R is the universal gas constant, which is equal to (8.314510 +
+0.000070) Jxmol'xK™"; T is the thermodynamic temperature, K; F is the Faraday constant, which is equal
to (9.648530 + 0.00002)x10* Cxmol™; m,, is the HCI molality in the solution; ¥y, is the molality activity
coefficient of chloride ions; P’ is the normal atmospheric pressure of 101.325 kPa.
Equation (1) is a measurement model equation in determining of a standard silver chloride electrode
Egg/AgCI .
The main components of the uncertainty [4] are as follows:
— the measurement of the EMF of the electrode E;
— the measurement of the temperature 7;
— the molality concentration of the solution of HCL, m, ;

— the hydrogen partial pressure Py,;

— the coefficient of ion activity Cl” v, -

Uncertainties associated with R and F' were insignificant and not taken into account during calculating
the combined standard uncertainty. Standard silver chloride electrode potential was determined as Egg/AgCF

=0.222107 V with a standard uncertainty u( Egg/AgCl) =8.26-10°V.

The second stage includes the determination of the function of acidity p(oyYc) and the limit of the func-
tion of acidity p(oYcr)’. At the second stage EMF, the E of nine Harned cells, has been measured, these cells
are filled with the reference buffer solution, whose pH(X) has been determined. These nine cells have been
divided into three groups, each containing three cells. The difference between the groups is in the concentra-
tion of the alkali metal chloride added to the buffer solution. Usually the following molality of chloride ions
is used: mc=0.005; 0.010; 0.015 mol/kg.

Values of function of acidity p(ayY.,) in 3 groups of cells have been obtained from the measured EMF
and previously determined E° Ag/AeCl

(E _EZgAgCl )F P’
oY) =———————+1lgm. +0.51g| — |. 3
POy Ye) RTIn10 gmg g Pa. (3)

Equation (3) is the measurement model equation for estimate of the function of acidity. The main com-
ponents of uncertainty in estimation acidity function p(ayyc;) are:
— the estimated value £, g/ 4gCl >

— the determination of the EMF of the electrode E;
— the determination of the temperature 7;
— the molality concentration of the solution of HCI m,,, ;
— the hydrogen partial pressure Py,.
Estimates of all the major components have been identified at the first stage and are shown in Tables 1
and 2.
Limit of the function of acidity was specified equal to p(ayYe)’= 9.23980 with a standard uncertainty
u(oyYey) =1.48-107°.
Stage 3 includes calculation of the certified value of the standard sample pH(X)
0
PH(X) = p(ayyy) + 180
AT

lgyl, =— N0
Sla =151

where 4 is the Debye-Hiickel constant, / is the ionic strength of the buffer.
Estimates of all the main components identified in the first stage are given in Tables 3 and 4.
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Table 1
Estimation of input values of uncertainty
Influencing quantity Estimated uncertainty
?iagfgg;;éu\i of EMF, u, (E)= error of the multi met\/%r from the certificate _ 1.2010° V

The temperature of measurement,
T=298.153K

u(E)=1.1010° K

(specified in the certificate at the thermometer )

Molality of the HCI solution, mol/kg

u(mye, )=1.2010° mol/kg

(specified in the certificate of analysis on a solution )

The partial pressure of hydrogen,

Py,

u(P,,)=5.0 Pa

(determined by the accuracy of measurement of atmospheric pressure)

Molality activity coefficient of ch
ride ions, Y, ;¢

lo-

U(Yype) = 9.3-107
(from the [TUPAC data)

Table 2

Uncertainty budget at determination of the capacity of the standard silver chloride electrode Egg, AgCl

. Standard e Contribution
Quantity Value Unit | uncertainty Sensitivity factor Unit of the uncer- | Unit
X; X; Ci .
u(x;) tainty c; u(x;)
E 0.463320 \ 1.20-10° 1 1.2:107 v
lg(mye,) +18(Vape) +
2RIn10 0
T | 298153 | K | 110102 F +0.251g;; VK | 889100 | V
H,
=8.1-10"
s 2RT s
My 0.01 mol/kg | 1.2-107 =5.14 V-kg/mol| 6.17-10 \%
Fmyg,
2RT _
Py, 96686.0 Pa 5.0 T ~1.33-10” V/Pa | —6.65107 | V
H,
o 2RT 2 s
Yenar 0.9042 | mol/kg| 9.3-10 =5.68-10 V-kg/mol| 5.29-10 \Y%
FYpa
Ejynect | 0222107 \% 8.26-107° \%
Table 3
Uncertainty budget for the estimate of function of acidity p(ozHYCl)0
. Standard e Contribution of
Size Value Unit uncertainty Sensitivity factor Unit | the uncertainty | Unit
X X C;
u(x;) ciu(x)
1 2 3 4 5 6 7 8
F
11078 —=16.9 107 -
E 0.904029| V 1.20-10 RTIn(10) v 2.03-10
E, 0.222107| V 8.26:107 169 /v ~1.40-107 -
e : RT1n(10) '
E-E, F
T 298.152 | K 1.1-107 —(2$gc‘)=—3.86-10-2 1/K —4.25.10°* -
RT"1n(10)
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Continuat

ion of Table 3

1 2 3 4 5 6 7 8
1
-6 —F— =86.86 ~1.74-107* -
Myg 0.005 |mol/kg 2.010 o In(10) kg/mol 1.74-10
P —L——Z 25-107° -5
H, 96457.0 | Pa 5.0 P, In(10) . 1/Pa -1.13-10 -
playyy) | 923980 1.48-10° _
Table 4
Uncertainty budget for the determination of acidity function p(ozHYCl)0
Size Value . Standard uncertainty Sensitivity factor Contrlbutlop
Unit of the uncertainty
X; X; u(x;) Ci
ciru(x;)
plagy) 9.23980 - 1.4810° 1 14810
g7y, -0.05960 - 0.58-107 1 0.58-107
pH(X) 9.1802 1.48-10°

Thus, the certified value of the standard sample is determined as pH(X) = 9.1802 with the standard un-
certainty u;,= 1.48-107.
Stability estimation of CRM is carried out within six months according to the [5].
The obtained data and calculations are shown in Table 5.

Table 5
The results of stability test of CRM pH = 9.18
Time, n | Current value, Xn | Value of difference, dn o-dn (I-a)-U Un Swing, R
0 9.1802 0.0000 0.0000 0 0
1 9.1808 0.0006 0.0002 0 0.0002 0.0006
2 9.1818 0.0016 0.0005 0.0001 0.0006 0.0010
3 9.1811 0.0009 0.0003 0.0004 0.0007 —0.0007
4 9.1809 0.0007 0.0002 0.0005 0.0007 —-0.0002
5 9.1804 0.0002 0.0001 0.0005 0.0005 0.0005
6 9.1815 0.0013 0.0004 0.0004 0.0008 —-0.0011

The standard uncertainty from the instability was calculated according to [1].
Average moving range is as follows:

R =0.00022, Sp= 0.89x R = 0.89x0.00022 = 0.000193;

tainty.

Sa

D

0.000193

S
\/Z” poAP+22 437 +4+5 46
i=11

=0.0000202 ;

Ussar = 0.0000202x7 = 0.0001415 = 0.14-10™°.
Measurement performed for an estimation of the uncertainty on account of in homogeneity, had point-
ed, that contribution of u, was insignificant and it was not taken into account to combined standard uncer-

Combined standard uncertainty of certified value of the reference buffer solution of 1" category is esti-
mated using equation (1):

u, (A)= i, +i2, =\/(1.48-10‘3)2 +(0.14-107) =1.4910°.

Extended standard uncertainty is:
U(A) = ku.(4) =2-1.49-10° =2.98-10° = 0.003.
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Certified value of the pH state certified reference materials, standard buffer solution 1 category, will be
equal to (9.1802 + 0.003) pH at k£ = 2 for 95 % confidence level. Currently work to further improve the state
standard is underway [6, 7].

Conclusions

Measurements of pH are influenced by the number of factors. The main contribution to the measure-
ment uncertainty is made by the potential of the chlorine-silver electrode.
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b.K. XKanac6aega, I'.K. bextypranosa, B.A. [lon6aeBa

drajgoHabIK OydepJik epiTiHaiHi aTTecTarTay Ke3inaeri Oearici3aikrTi 0aranay

pH mkanaceiHblH MemiekeTTik TanoHsl KasakcraH PecryOinKachiHBIH 0acTanksl STalTOHBI  OOJIBII
TaOBLIa/IBI, O ©31HIH XaJBIKApaJbIK CANBICTEIPMANapMeH OanaManbubFsH pactagsl: APMP QM-R19 (2014)
Heri3ri canbicteipManapbiMet jxkone COOMET 655/EN/15 (2017) ITunoTThIK cajbicThipManapbIMeH. JTaloH
CYTEKTI )KoHE XJIOPKYMICTI AJIeKTpOATapsl 6ap TachIManchi3 (XapHex YAIIBIKTAapbl) YSMIBIKTapAbl KOJIaHa
oteipei, pH emmieyaiy OacTamnkbl 9iciH XKy3ere achlpaabl. Bys YSIIIBIK IIey HOTHKENICepiHiH YKOFapbl
JKAHFBIPTBUTYBIMEH CHINATTANa/bl. OJTaJOH COHJAi-aK eJilley KypajJapblH TEKcepy JKOHE CamaHbl iLIKi
OakplIay Ke3iHIe 3epTXaHalap KCHIHEH KOJIAHATBIH MEMJICKeTTiK cTaHaaptthl yiriiepai (['CO) a3ipieyre
Mymkingix Gepeni. pH I'CO-20 °C TemmepaTypaga MEHIIIKTi dnekTpeoTkisrimriri 2-107 Cwm/M achaifThin
OMIMCTIIICHTCH JCUOHU3AIMSIIaHFaH CyIbIH | Kr-/1a epiTUIreH XUMHUSUTBIK 3aTTapIblH o1 UTIMIH Olaipeni.
Kymeicra 9.010-9.280 pH mmanmasomsiHpgarsl craHgapTThl  Oydeprmik  epitingimepaiy pH CRM
aTTecTaTTajJFaH MOHZEpiHiH Oeinrici3airin Oaranay yceiHbUFaH. Epitinainepain pH — aHbIkTay-emnmeymiy
*aHama Typi. pH 3TaoHIBIK MOHI 3JIEKTP KO3Fayllbl KYLITiH, TEMIIEpaTypaHbIH, KbICBIMHBIH jkoHE Oacka Ja
napamerpiepiH eJiiey HOTHXKEeNCpiHeH aHBIKTANaAbl. DTANOH/ABIK JICKTPXUMHSUIIBIK ymbIKTeIH KK
OJILICYJICPiHIH AYPBICTHIFBI CYTEKTI KOHE XJIOPKYMICTI 3JIeKTPOATAPABIH KOPCETKIIITEPiHEe TOYeIIi.

Kinm co30ep: emmeynepain Oenrici3niri, MEMIIEKEeTTIK cTaHAapTTHl yirinep, pH Oydepnik yiinecimaep,
0acTarKbl MEMIIEKSTTIK STAIOH, XaJIbIKaPAIBIK CaJIbICTHIPYIIap, MEKTPKO3FayIIbl KYII, CTAHIAPTTHI JJICYeT.

b.K. XKanac6aega, I'.K. bexrypranosa, B.A. [lon6aeBa

OuneHka HeonpeaeIeHHOCTH MPH ATTECTAIIMH dTAJTOHHOTO Oy(depHoro pacTeopa

TocynapcrBeHHsbIid 3TanoH mKkanel pH sBiseTcs mepBUYHBIM dTaioHOM PecryOmuku KaszaxcraH, KOTOpBIH
MOATBEPIMII CBOIO SKBUBAJIEHTHOCTh MEXIYHAPOAHBIMH CIMYEHUSMHU: KItoueBbIMH cinaeHusMu APMP QM-
R19 (2014) u nunotaeiMu cinuenusivu COOMET 655/EN/15 (2017). Dranon peanu3yeT nepBUYHbIA METO
n3Mepenuii pH ¢ npuMeHeHueM sueek 0e3 mepeHoca (siueek XapHena) ¢ BOXOPOIHBIM M XJIOpCEPEeOpSAHBIMU
aekTposamMu. JlaHHas sYelKa XapaKTepu3yeTcs BBICOKOW BOCIIPOHM3BOJMMOCTBIO PE3YJbTAaTOB M3MEPEHUI.
Ha sTanone arrectyrorcst rocynapcTBeHHble cranaapTHbie 00pa3us! (I'CO), KoTopble MHUPOKO HCIOIB3YIOTCS
71a00opaTopusIMH IIPH  IHOBEpKE CPEJICTB HM3MEPEHHWH ¥ BHYTpeHHeM KoHTposie kadectBa. ['CO pH
TIPEACTABIISIIOT COOOH TOUHBIE HABECKH XUMHYECKHX BEIIECTB, PACTBOPEHHBIE B 1 KI' OMANCTHILIMPOBAHHON
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JCMOHM3MPOBAHHON BOXBI C YIENBHOM DIEKTPHUCCKON MPOBOAMMOCTBIO He OGomee 2-107* Cwm/m mpu
temmneparype 20 °C. B pabore mpencraBieHa OIIEHKAa HEONPEIESIICHHOCTH aTTECTOBAaHHBIX 3HaueHHH pH
CRM — cranpaptHbix O0ydepHbIx pacTBopoB B auanazone 9,010-9,280 pH. Onpexnenenune pH pactBopoB —
KOCBEHHBI BHJl M3MEpeHWH. OraloHHOe 3HaueHHe pH ompememsercss u3 pe3ynbTaToB H3MepeHHi
IJIEKTPOABIDKYIIEH CHIIBI, TEMIIEPATyPHI, JaBJICHUS U IPYTHX MapaMeTpoB.

Kniouesvie crosa: HeopeeIeHHOCTh H3MEPEHUI, TOCYIapCTBCHHBIC CTaHIapTHBIC 00pa3ibl, Oy(depHbIe pac-
TBOpHI pH, MEepBUYHBIN TrOCYHapCTBEHHBIN ATAllOH, MEXAYHApOJHBIE CIMYEHUS, AJIEKTPOJBHKYIIAs CHIA,
CTaHAAPTHBIN MOTEHIIHAIL.
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