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METROLOGICAL STUDY OF THE EFFECT OF TEMPERATURE ON THE DISSOCIATION OF
ACETIC ACID

This article is devoted to the study of the dissociation reaction of acetic acid at a temperature change in the range from room (20 °C) to 75 °C. In the
course of research, the methods were considered, the classification of the considered methods was carried out, and the methodology of the experiments
was formulated. The selected technique reflects the express measurement of the hydrogen pH indicator using a portable pH-meter. Experiments were
carried out in laboratory conditions — Lincoln Park, Chicago, USA. Acetic acid with a concentration of 6 mol/l was chosen as the basis. By adding a
distilled water, a base concentration of 1 mol/l was obtained. Nodal temperature points were selected for measurements (four points in the temperature
range of 20 °C — 75 °C); five experimental samples of acetic acid (1 mol/l) were formed; the analysis of the measurement results at nodal points was
carried out for the accuracy of the measurement results of five test samples of acetic acid using first- and second-order statistical moments
(mathematical expectation and variance); accuracy characteristics of experimental data (instrumental and methodical errors) were estimated. Research
samples (acetic acid samples) were brought to the nodal points with a positive temperature gradient using a steam bath. The measurement error
estimate was determined by the accuracy class of the device and was 0.1%. The obtained pH values were converted to the number of hydrogen cations,
followed by the determination of the degree of dissociation and the dissociation constant. These determinations were carried out under the condition of
ensuring chemical equilibrium. The nature of the behavior of the degree and constant of dissociation when the temperature of the test samples changes
is clearly non-linear. In the course of research, the main measurement errors were established, the main of which is the nonlinearity of the
transformation. Quantitative values of nonlinearity errors were determined by the method of measurements with multiple observations using the
Student's correction factor. The article provides conclusions based on the results of research and presents the prospects for temperature correction of
pH-meters to eliminate the temperature component of the error of pH-meters.

Keywords: acetic acid, concentration, pH-meter, dissociation, degree of dissociation, dissociation coefficient, temperature, nonlinearity, error,
accuracy class

P.II. MUT'YIIIEHKO, M.M. BOJIOBYE€B, I.B. ACEEBA, O.10. KPOIITAYEK, B.M. BAJIEB

METPOJIOT'TYHE BUBUEHHS BILIMBY TEMIEPATYPH HA JIMCOILIAIIIO OI[TOBOI
KHUCJI0TH

JlaHa cTaTTs MPUCBSAYCHA JOCII/DKESHHIO PeaKilii AUCOIiallil OLTOBOT KMCIIOTH TIPH 3MiHi TemriepaTypu B Jiana3oHi i kimaaTtHoi (20 °C) mo 75 °C. Y
XOJ1 JOCTIKEHb OYJIO PO3IIISIHYTO METO/IM, BUKOHAHO KIaCU(]IKaIiI0 PO3IIISHYTHX METO/IIB Ta ChOpMYJILOBAaHO METOJIMKY peai3alil eKCIIepUMEHTIB.
Bubpana Metosuka BimoOpaxae eKcrpec-BEMIPIOBAHHS BOJHEBOTO TOKa3HHUKA pH 3a TOMOMOTOI0 MOPTaTHBHOTO pH-MeTpa. Jlocmiau 31iiiCHIOBAIICH
B snaboparopuux ymoBax — JlinkonbH ITapk, Yukaro, CIIIA. 3a ocHOBYy Oysa oOpaHa OoLTOBAa KUCIOTa KOHIEHTpalii 6 mons/z. LInsxom noaaBaHHs
JIICTHIILOBAHOI BOAM OTPUMAHO 0a30BYy KOHIIEHTpaLito 1 moas/a. [lns npoBeaeHHs: BUMIpIOBaHb OyJ10 BifiOpaHO BY3JIOBI TEMIIEPATypHI TOYKH (YOTHPH
TOYKM B AiamasoHi Temmepatyp 20 °C — 75 °C); Oyno chopMoBaHO I'STh AOCHITHUX 3pa3KiB onToBoi KucnoTH (1 monw/n); mpoBeneHO aHami3
pe3yJbTaTiB BUMIPIOBAaHHS y BY3JIOBHX TOUYKAaX Ha NPEAMET KyYHOCTI pe3yJbTaTiB BHMIPIOBAHHS II’SITHOX JOCIIJHUX 3pa3KiB OLTOBOI KHCIOTH 3
BUKOPHUCTAHHSM CTATUCTUYHUX MOMEHTIB EPILIOro Ta APYroro NOpsAKy (MaTeMaTHuHE OYiKyBaHHS Ta AMCIEPCis); OLIHEHO TOYHICHI XapaKTePUCTHKU
EKCIIEPUMEHTAIbHUX JaHUX (IHCTPYMEHTalbHI Ta METONWYHI NMOXMOKW). BHBeneHHs Ha BY3JIOBI TOYKM 3pas3KiB JOCIHIKEHHs (3pa3KiB OLTOBOI
KHCJIOTH) 3/IMCHIOBAIUCH 3 JIOJIATHUM T'PAJiEHTOM [0 TEMIEPaTypi 3a JONOMOTro rnapoBoi 6ani. OLiHKa MOXUOKH BUMIpIOBaHb BH3HAYAJIACh KJIACOM
To4HOCTI mpunaxy i cranoBunaa 0.1 %. Otpumani 3Ha4eHHs p/H, IepeTBOPEHi Ha KiNbKICTh KAaTiOHIB BOJAHIO, 3 MOJAIbIINM BH3HAYCHHAM CTYICHS
nconianii Ta KOHCTaHTH aucouianii. JlaHi BUSHaUCHHS 31HCHIOBAIIUCH 13 YMOBH 3a0€3MeUeHHS XiMiYHOI piBHOBaru. XapakTep MOBEIIHKU CTYNeHS Ta
KOHCTAHTH JUCOMLIAIii P 3MiHI TeMIlepaTypH JOCITIJHUX 3pa3KiB Ma€ SBHO HENiHIHHUIA XapakTep. Y X0/l JOCIi)KEHb BCTAHOBJICHI OCHOBHI IOXHUOKH
BHMIPIOBaHb, OCHOBHHM 3 SKMX € IMOXMOKa HeliHiHOCTI mepeTBopeHHs. KilbKicHI 3Ha4YeHHSs MOXMOOK HENMHIHHOCTI BH3HAYalIUCs METOOM
BUMIpIOBaHb i3 0araTopa3oBUMHU CIOCTEPE)KECHHSMH 3 BHKOPHCTaHHSM IONpPaBHOro Koedimienta CThioeHTa. Y CTaTTi HABEJCHO BHCHOBKH 32
pe3yIbTaTaMH JOCIIDKeHb Ta MOJAaHO HEepCIeKTUBH TeMIepaTypHOi KOpPeKIil pH-MeTpiB Ul yCYHEHHsS TeMIIepaTypHOI CKJIaJOBOI HOXHOKH pOOOTH
pH-metpis.

KaouoBi cioBa: ouroBa KHCIOTa, KOHIEHTpawis, pH-Merp, nucouliauis, CTYHiHb qucouiamii, KOHCTaHTa JAWCOLIallii, Temmeparypa,
HEJHIAHICTD, TOXHOKa, KIac TOYHOCTI

P.II. MUT'YIIIEHKO, M.H. BOIOBYEB, U.B. ACEEBA, O.10. KPOITAYEK, B.H. BA/IEB

METPOJIOr HYECKOE U3YYEHUE BJIUSIHUS TEMIIEPATYPHI HA JIUCCOILHAILIUIO
YKCYCHOM KUCJOTI

JlaHHAs CTaThs MOCBSIIEHA HCCIESJOBAHHUIO PEAKIMH JHCCOLMALMY YKCYCHOW KHCJIOTHI IIPU M3MEHEHHU TEMIIEpaTyphl B JHalla30He OT KOMHATHOH
(20°C) no 75°C. B xone ucciieoBaHUN OBUTM PacCMOTPEHBI METObI, BBINOJHEHA KJIACCU(BHKAIMS PACCMOTPEHHBIX METOJOB M C(HOPMYJIHpPOBaHA
METO/IMKA peall3aliil OKCIEPUMEHTOB. BrIOpaHHas MeTOAMKAa OTpakaeT O3KCIIPecC-U3MEpeHHE BOJOPOJHOrO IIoKasaTens pH ¢ HOMOIIBIO
HOPTaTHBHOTO pH-meTpa. ONBITHL IPOBOAMINCE B Ja0OpaTOpHEIX ycioBusx — JlmukomsH Ilapk, Ymkaro, CIIIA. 3a ocHoBanme ObLia BhIOpaHa
YKCYCHasi KHMCJIOTa KOHIEHTpauuu 6 moav/n. Ilyrem noOaBieHMs AMCTUIUIMPOBAHHOW BOJBI TOJydeHa Oa3oBas KOHUEHTpauus 1 mons/n. ns
MIPOBEACHHS H3MEPEHUI ObUTH 0TOOpPAHBI Y3JI0BBIE TEMIIEPATypPHBIE TOUKH (YEThIpEe TOUKHU B quanazone temmeparyp 20 — 75 °C); 66110 chopMUpOBaHO
ISITh ONBITHBIX OOpPAa3loB YKCYCHOW KHCIOTHI (1 moav/1); IpOBEAEH aHAIM3 PE3yIbTaTOB M3MEPEHUS B Y3JIOBBIX TOYKaX Ha INPEIMET KyYHOCTH
PEe3yIbTaTOB U3MEPEHHUs IIATH OMNBITHBIX 00Pa3loB yKCYCHOH KHCIOTHI C HCHOJIb30BAHMEM CTATHCTUYECKHX MOMEHTOB IIEPBOTO M BTOPOTO IOPSIKa
(MaTeMaTHUECKOS OXUJAHUE U JUCIIEPCHs); OLCHEHBI TOUHbIE XapaKTePHCTUKH YKCIICPHMEHTAIBHBIX JAHHBIX (HHCTPYMEHTAIBHBIC U METOJHICCKHE
HOTPEIIHOCTH). BEIBOZBI Ha Y31I0BBIE TOYKM OOpasLoB McCIeIOBaHMS (0OPa3lOB YKCYCHOH KHCIOTBI) OCYIIECTBISUINCH C IOJIOXKUTEIBHBIM
TpaJHeHTOM IO TeMIIepaType ¢ IOMOIIBIO NapoBoil 6anu. OLeHKa MOrPeNIHOCTH U3MEPEHUH OIpeessaach KIaccoM TOUHOCTH U cocTasisina 0.1 %.
IMomy4ens! 3HadeHus pH, IpeBpalieHHbIC B KOTUIECTBO KATHOHOB BOJOPOJA, C IMOCIEAYIOIHM ONPEICICHACM CTEIIeHN IUCCOUANNH U KOHCTAHTHI
Jucconyanuy. JlaHHBIE ONpeNeleHHs] OCYIIECTBILUINCh M3 YCIIOBHS OOeCHedeHHs] XUMUYECKOrO paBHOBeCHs. XapakTep HMOBEIEHHS CTEIECHH H
KOHCTAaHThl MCCOIMAMM NPH W3MEHEHUH TEeMIIepaTyphl ONBITHBIX OOpa3lOB HOCHT SIBHO HENHHEHHBIH XxapakTep. B xome wuccinenmoBanumit
YCTaHOBIICHBI OCHOBHBIE IOTPEIIHOCTH U3MEPEHHUH, OCHOBHBIM U3 KOTOPBIX SBIISIETCS MOTPEIIHOCTh HeIMHEHHOCTH IpeBpameHus. KommdecTBeHHbIe
3HAYEHHUS HOTPEIIHOCTeH HEIMHEHHOCTH ONpeie/SUINCh METOOM H3MEPEHHIl ¢ MHOrOKPAaTHBIMU HAOJIOJEHHUSIMHU C UCIOJIB30BAHUEM IIONPABOYHOTO
kodddunuenta CrplofeHTa. B craThe NpUBEACHBI BBIBOABI IO pe3y/ibTaTaM HCCICAOBAHMII M MPEICTABICHBI NMEPCHEKTHBBI TeMIEPATypHOR
KOPPEKIHU pH-METPOB [JIsl yCTpaHEeHUsI TEMIIEPaTyPHOH COCTABIIONIEH TOTPEIIHOCTH pH-METpOB.

KiioueBble cJIOBa: yKCycHash KHCIIOTA, KOHLEHTpAlms, pH-MeTp, MUCCONMANMsS, CTEHNEeHb UCCOLMAIMY, KOHCTaHTa JUCCOIMAIH,
TeMIepaTypa, HeJMHEIHOCTh, IIOTPENIHOCTD, KJIACC TOUHOCTH
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The aim and objectives of the study. Acetic acid is
one of the most common in production and at home [1].
The use of this acid is very diverse. In the chemical
industry, it is used to produce plastics, dyes, medicines,
artificial fiber, etc. In the food industry, acetic acid is a
preservative, acidity regulator and food additive. Salts of
acetic acid are used for primary etching when dyeing
fabrics. Acetic acid is widely used as a solvent.

The wide distribution of acetic acid in production
(for various industries) and in everyday life determines the
external conditions for the presence of this acid. External
conditions of stay are, first of all, characterized by
environmental parameters.

One of the most common environmental parameters
is temperature [2]. Assessing the effect of temperature on
the concentration of acetic acid CH;COOH in mol/l is
quite relevant. Moreover, studies on this issue have not
been identified in the reference literature. It was only
possible to determine that CH;COOH, acetic acid bacteria,
acetic acid and foreign microorganisms die when acetic
acid is heated to critical temperatures (110 °C).

The purpose of these studies is to determine the
effect of temperature changes on the concentration of
acetic acid CH;COOH in mol/I.

To achieve this goal, it is necessary to set and solve a
number of tasks. In particular:

- formulate the initial parameters (concentration) of
acetic acid;

- determine the temperature range for research;

- set the number of temperature points to measure the
concentration of acetic acid in the selected temperature
range;

- formulate requirements for the laboratory where
research will be carried out;

-select basic methods for
concentration of acetic acid;

- determine the basic and auxiliary equipment when
carrying out measurements;

- develop methods for determining the concentration
of acetic acid; methods should be based on the selected
basic methods;

- conduct experiments to determine the concentration
of acetic acid;

- process the obtained experimental data;

- formulate conclusions and prospects for further
research.

These and other problems need to be solved during
research.

Methods and equipment. Successful solution of set
goals and objectives requires analysis of possible
methods, selection of equipment and development of
experimental techniques.

The variety of methods of analysis and synthesis that
are used in chemical research can be reduced to some
basic ones. These basic methods need to be considered for
the further construction of methods that will help solve the
problems.

The implementation of methods, as a rule, occurs in
laboratory conditions using specialized equipment [3].

determining  the

The main positions regarding equipment also require
detailed consideration.

The main methods used in experimental studies are
the following:

1) Titration method, which is
expression:

based on the
Ce Ve =Cy V> )

C . .
where ¥ — acid concentration;

V .
k —acid volume;
“ _ alkali concentration;

V
“ _ alkali volume.
Formula (1) determines the equilibrium of the

concentration of hydrogen cations C[H *J when mixing

acid and alkali.

2) A method for producing acid solutions with
different mass fractions is necessary to obtain acid
solutions of different concentrations by mixing with a
neutral liquid. Distilled water is used to change the
concentration of acetic acid. The direct proportions of the

components — acetic acid and distilled water are
determined by the formula:
Asid Z_Z )
Water Y2
where Y2 — water percentage;

Z2 — percentage of concentrated acid

3) Method for determining the pH value using a pH-
meter.

The concentration of acid solution is closely related
to such parameter as the pH value [4], which is a measure
of the acidity of solutions. The pH parameter itself is a
way of expressing the activity of hydrogen cations

C [H +] in solutions and is uniquely related, under

equilibrium conditions, to the acid concentration.

The analysis of the presented methods clearly
identified the experiment using a pH-meter as basic.

A portable pH-meter is used to study the effect of
temperature on the pH value (which often occurs in field
conditions), [5]. The type of portable pH-meter used is
shown in Fig. 1. The research itself took place at the
Lincoln Park Chemical Laboratory, Chicago, USA.

Fig. 1. Portable pH meter
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Experimental results. The experiment, carried out
at the Lincoln Park laboratory, implements a rapid
measurement process and is based on the determination of
pH values. pH values indirectly characterize the
concentration of acetic acid, and express measurements
using a pH-meter allow you to expand the temperature
range of CH;COOH and eliminate the increased value of
methodological error in measurement. The hardware error
of the pH meter needs to be studied.

The results of determining the pH values of acetic
acid at temperatures of 20 °C, 35 °C, 50 °C, 75 °C are
summarized in Table 1.

The experiment used a measurement method through
multiple observations. The sample of values consisted of
five observations, which is sufficient to make a decision.

For the experiment, a solution of acetic acid with a
concentration of 1 mol/l was used, obtained by mixing the
original acetic acid with a concentration of 6 mol/l (10 ml)
and distilled water (50 m/) (2).

Table 1
Results of determining the pH values of CH;COOH at

25

3 Sl
1 3
05 4
=5

0 T 1

0 20 40 60 80
L

Fig. 2. Range of characteristics pH = f(T):

1 —test1;2—test2; 3 —test3;
4 —test4; 5 —test 5.

Table 2
Table of mathematical expectation, dispersion,
standard deviation

different temperatures CH; COOH T M D SD
Test 71,°C | 12,°C | T3,°C T4,°C 20 °C 2.06 0.003 0.012
(20°C) | (35°C) | (50°C) | (75°0) 35°C 1.90 0.015 0.060

1 2.1 2.1 1.8 1.6 50 °C 1.70 0.015 0.060

2 2.0 1.8 1.7 1.3 75 °C 1.22 0.057 0.228

3 2.1 1.9 1.8 1.1

4 2.0 1.9 1.7 1.1 25

5 2.1 1.8 1.5 1.0 , —

The results are presented in Table 1 look quite 15 \‘\\\
densely. But the assessment of the instrumental i ~e
measurement error requires some statistical processing. !

Analysis of experimental results. The obtained 05
experimental results require certain processing. This is
necessary to obtain reliable assessments of the results, o

. . . . 1] 20 40 [0 80
correct  interpretation, drawing conclusions and L eC

formulating ways for further research.

Definition of statistical moments of the 1st and 2nd
order. Characteristics that demonstrate the behavior of the
pH value when the temperature changes in the range of 20
°C — 75 °C are set based on the data in Table 1.
Experiments were carried out for five samples with a
concentration of C, =1mol /1.

Based on the data from the same Table 1, a range of
characteristics is constructed that demonstrates the
behavior of the pH value with temperature changes. The
range of characteristics itself is shown in Fig. 2.

The presence of Table 1 data and the range of
characteristics (Fig. 1) allows to determine the statistical
moments of the 1st and 2nd order — mathematical
expectation (M), dispersion (D), standard deviation (SD)
[6]. The indicated statistical points are presented in Table
2.

Fig. 3 shows a graphical dependence identifying the
change in the mathematical expectation of the pH value as
a function of temperature. Fig. 4 shows a graphical
dependence identifying the change in the dispersion of the
pH value as a function of temperature. Data for graphical
dependencies are obtained from Table 2.

Fig. 3. Dependence M iy = f(T, °C)

0 20 40 60 20
L°C

Fig. 4. Dependence D, = f(T, °C)

According to Fig. 4 it is obvious that the spread of
characteristics at a temperature of 75°C (dispersion and
standard deviation data) is an order of magnitude higher
than at temperatures of 20°C, 35°C, 50°C. This indicates
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either a methodological error (inaccurate measurement) or
an instrumental error (the normal operation of a pH meter
is limited to a certain temperature range, the pH meter
does not work well at high temperatures).

Definition of dissociation parameters. Dissociation
parameters are important components when analyzing the
behavior of an acid under conditions of temperature
change. The main dissociation parameters include [7]:

- degree of dissociation « ;

- dissociation constant K, .

Conversion of molar concentration to mass
concentration is determined from the formula:
wzﬂ, (3)
10-p
where C,, — molar concentration (1mol/l) of
solution;

® —mass fraction of acid (%) in solution;
p — density of acetic acid solution (g / em’ ). For a

solution of acetic acid with C,, =1 mol/l — the density

p=1.0 g/ cm® (For a solution of acetic acid);
M — molar mass of acetic acid ( g/mol ).
From (3) the mass fraction of acetic acid in the

solution is determined:

10l O ot o

o=—7-r"

10-1V
Cl’l’l3

The result obtained determines that the 1 mol/l acetic
acid solution used in the research is equivalent to table
edible vinegar. Working with such a solution of acetic
acid does not require any special precautions.

As for the molar concentration of acetic acid C,, , it

determines the concentration of hydrogen cations

C [H +] under equilibrium conditions [8].

The transition from pH number to C [H +] is carried

Dependence C [H q =f (T, °C ) for the experiment

according to the data in Table 3 is shown in Fig. 5.

0,07
0,06 —
0,05

i 0,04

< 0,02
0,02
0,01

0

0 20 40 60 80
r.°C

Fig. 5. Dependence C[Hq = f(T, °C)

The degree of dissociation « at temperatures of 20
°C, 35 °C, 50 °C, 75 °C is determined by the formula:

n C|:H+j| IO—pH

N c, 1.0 ©)
As C,, =1.0, then, based on (6):
a:C[HJr]:lO_pH. %)

Dissociation constant K, at temperatures of 20 °C,
35°C, 50 °C, 75 °C is determined by the formula [9]:
C[H+}-C[CH3COO_}
“  C[CH;COOH]

This formula, subject to equilibrium, is presented as
follows:

1071
Ke=————m ®)
c,-1077
The calculated data for the degree of dissociation &
(7) and dissociation constant K, (8) are summarized in

Table 4.

out according to the formula: Table 4
pH = _lg(C[HJr}) . 4) The data & and K, for the temperatures 20 °C, 35°C,
. 50°C, 75°C
From formula (4) it folloJ\:vs. > T.°C 20 35 50 75
c [H } =10777. ) a 0.0081 [ 0.0126 | 0.0199 | 0.0603
Based on (4) and (5), the Table 3 was formed. K, 0.00007 | 0.00016 | ©0.00041 0.00386
Table 3 When making calculations to determine the
The data pH and C[ H+} for temperatures 20°C, 35°C, dissociation constant K, in Table 4, an intermediate table
has been formed Table 5.
50°C, 75°C Table 5
r.°C 20 35 50 75 Intermediate table by definition K, for the temperatures
(ave];{a—[ ed) 2.09 1.90 1.70 1.22 20°C, 35°C, 50°C, 75°C
£ T,°C 20 35 50 75
C[H J 0.0081 | 0.0126 | 0.0199 | 0.0603 107271 0.0000 | 0.0001 | 0.0004 | 0.0036
10771 0.0081 | 0.0125 | 0.0199 | 0.0602
Cc —107PH 0.9918 | 0.9874 | 0.9800 | 0.9397
M
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Based on the data in Table 4, graphical dependencies
a=f (7}) (7)and K, = f (1;) (8) are built, respectively.

0,07
0,06 »
0,05 //
0,04

0,02

0,02 /

0,01 _—

—
0 T T T 1
0 20 a0 60 80
T,°C
Fig. 6. Dependence « = f(T;)
0,0045
0,001 -
0,005 /
0,003 -
o 00025
* 0,002 /_/'
0,0015 /
0, /.’
0,0005 ¢
0 0 !
4] 20 4a{ [§14] #i)

Lo

Fig. 7. Dependence K, = f(T;)

Dependence approximation of the dissociation
constant on temperature. The resulting calculated-

dependence K, =f(T;) is

approximated by computer means. The approximation
itself is shown in Fig. 8.

experimental easily

0,0045
0,004
0,0035
0,003
0,0025

2 0,002
0,0015
0,001
0,0005

0

y=1E05e0072

e

e

0 20 40 60 80
TC

Fig. 8. Dependence approximation K, = f (7})

According to the data in Fig. 8, the dissociation

constant K, varies exponentially and can be

approximated by the equation:

K, =1.1075 L0737, "C )

Based on (9), it is obvious that the change in
dissociation parameters (degree of dissociation and
dissociation constant K,) has a clearly expressed
nonlinear character and can be described by an
exponential dependence. The well-known equation of the

approximating curve makes it possible to carry out circuit-
technical temperature correction in the measuring pH
meter [10].

Calculation of measurement errors. The true value
of the acetic acid concentration is found as the arithmetic
mean of the data for all five samples at each specific
temperature in the Table 1:

CKl + CK2 + CK3 + CK4 + CKS

s (10)

Temperatures of Table 1 are nodal points for
calculating errors.

The results of calculations using formula (10) are
summarized in Table 6 and reflect the true values of the
measurement results. For the experiment, the parameter
pH to be considered the true measurement result.

Cyr=

To determine the error in the result of measurements
and according to measurements theory, it is necessary to
determine the maximum random measurement error to .

K

[11]. Then the measurements result is written in the form:
Co =Cyr ttoc, (11)

where t — Student's t-test, which is determined from

normative tables based on confidence probability P, and

number of observations # ;
oc. —standard deviation of the measurement result.
K

The standard deviation of the measurement result is
determined based on the expression:
o

oc, = (12)

where o — standard deviation of a number of
observations;
n =15 —number of observations in the experiment.
The standard deviation of a number of observations

o is determined by the formula:

Zef
o=t ;l—l > (13)

p — residual observation error, equal to the

where

difference between the observation result and the
measurement result:
p=Cui=Cyr (14)
Data on the residual error of the experiment at nodal
temperature points are also summarized in Table 6.

The initial data for calculating errors are the data in
Table 6.

Table 6
Data ¥ H , 9, TpH of acetic acid at different
temperatures
20°C 35°C 50°C 75°C
pH 2.06 1.90 1.70 1.22
o 0.0548 0.1225 0.1225 0.2387
O pH 0.0245 0.1104 0.1104 0.2151

Based on the data in Table 6 and expressions (11) —
(14), measuring results of the parameter at nodal
temperature points are written as follows:

38
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-at 7=20"C C, =2.06£0.05;
-at 7=35°C C,=190+0.11;
-at T=50°C C,=1.70+0.11;

-at T=75C C,=122£0.21.

Conclusions. The rapid method selected for
experimentation in the study relies on a technique that has
been carefully reviewed in these researches. The
technique that implements the rapid method involves
recalculating the pH value into the real concentration of
acetic acid C,, according to formula (5) using the

equilibrium condition.

The presented method implements indirect
measurements, which is not very good from the point of
view of reducing measurement errors. However, indirect
measurements, which are carried out in this case, are
automated by a pH meter with minimal time expenditure
and minimal subjective destabilizing factors introduced by
the operator.

Other important conclusions from the studies are:

1. The change in dissociation parameters (degree of
dissociation and dissociation constant K, ) has a clearly

expressed nonlinear character and can be described by an
exponential dependence.

2. The wvalues of the parameters (degree of
dissociation ¢ and dissociation constant K, ) increase

with increasing temperature for a solution of acetic acid
CH3;COOH.

3. Based on the behavior of the dissociation constant
K, , it can be argued that with increasing temperature, the

acid CH;COOH becomes more aggressive (strong).

Prospects for further research. The preferable use
of a portable pH-meter to determine the effect of
temperature on the concentration of acetic acid was
clearly demonstrated by the studies, which is shown in the
conclusions. However, the obtained experimental results
and the corresponding statistical processing of the results
determined further approaches to improving pH-meters.

During the experiment, it was determined that the
spread of characteristics at a temperature of 75°C
(dispersion and standard deviation data) is an order of
magnitude higher than at temperatures of 20°C, 35°C,
50°C. This indicates either a methodological error
(inaccurate measurement) or an instrumental error (the
normal operation of a pH meter is limited to a certain
temperature range; the pH meter does not work well at
high temperatures).

Elimination of the specified instrumental error of the
device (expanding the temperature range of the pH-meter
without losing the accuracy class of the device) is possible
using the following approaches [12]:

- linearization of characteristics;

- piecewise linear approximation;

- introduction of additive amendments due to the use
of a Table with corresponding amendments;

- end-to-end approximation of the characteristic.

Each of the presented methods has its own
advantages and disadvantages. Each of the presented
methods has found wide application in practice.

The presence of a microprocessor unit, as well as
hardware and software in a portable pH-meter, is the most
appropriate approach to compensate for temperature errors
and, accordingly, expand the temperature range of the
normal operation of the device and to use the compilation
of correction tables. The resulting correction tables are
easily entered into the ROM memory [13] of the device.
Such recommendations will somewhat reduce the time
parameters of the measurement process, but will
significantly expand the technical and accuracy
parameters of the pH-meter.
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