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JUPEKTHO KYJIOMETPUCKO OIIPENEJTYBAILE
HA ®APAJJEEBATA KOHCTAHTA
EKCIIEPUMEHT 3A CPEJHO 1 BUCOKO ObPA30BAHUE

DIRECT COULOMETRIC DETERMINATION OF FARADAY’S CONSTANT
A HIGH SCHOOL AND COLLEGE EXPERIMENT

Baagumup M. Ilerpymesckn, Meromuja Hajnocku u Jbynmyo Ilejos

Unciuuinyiu 3a xemuja, Ilpupoono-maitiemaitiuuku ghaxyaitiei,
Apxumeodosa 5, Cxoiije, Peityoauxa MakeooHuja

Co mpuMeHa Ha AMPEKTEH KYJIOMETPUCKH METOJ OIl-
penenena e BpegHocTa Ha PapajeeBata KoHcTaHTa. M3-
BeJleHa € eJIeKTpoiu3a Ha Boja (T. €. pa3pefieH pacTBOp
ox cyndypHa KucenmHa) Bo Xo(MaHOB amapar.
KomnmiecTBOTO Ha M3ABOECH BOJOPOJ € IPECMETaHO IPEKY
W3MEpPEHNOT BOJYMEH Ha TacoT, BO paMKHTE Ha alpOKCH-
MaryjaTa 3a njieaneH rac.

Kayunn 360poBn: PapasieeBa KOHCTaHTa; AUPEKTHA Ky-
JIOMETPH]ja; IKOJICKH XEMICKH €KCTIePUMEHTH

YBO[

Bo panuTe roguHu Ha JEBETHAECCETTHUOT
Bek Papajiej I OTKPUII 3aKOHUTE HA €JIEKTPO-
nu3ata [1]. Cnopepn npeuotr PapaneeB 3aKOH,
MacaTa Ha CyIlCTaHIlaTa ToOWeHa CO eIeKTpo-
Ju3a € MPONOpPIMOHATHA Ha KOJIMYECTBOTO
EJIEKTPULUATET KOE MMHAJIO HU3 CUCTEMOT (g).
OBOj 3aKOH € U3pa3eH CO PaBEHCTBOTO:

mg =kyq., (1)
Kajie IITO KOHCTaHTaTa k, € HapeyeHa eqek-
UIpOXeMUCKU eKeuBa/neHUl Ha CyICTaHIlaTa
(0o3HaUYeHa cO MHJIEKC S) 3a KOja CTaHyBa 300p.

Cnopen BropuoT PapaneeB 3akoH eek-
TPOXEMUCKHMOT €KBHUBAJICHT Ha JjaicHa CyIICTaH-
1la € MPONOPIMOHAJICH Ha OTHOCOT Ha Hej3WHa-
Ta MoOJIapHa Maca M PEeJaTHUBHUOT IMOJHEXK Ha
COOJIBETHUTE jJOHU BO PACTBOPOT (Z), T.€.:

M
S
= Fk, )
Zs
Kajge IITO KOHCTaHTaTa Ha HpOHOpHI/IOHaHHOCT

F e napeuena @apaoeesa kowucilianitia Winm ¢ha-
paoej.

The value of Faraday’s constant was determined using
the direct coulometric method. Electrolysis of water (i.e. di-
luted solution of sulphuric acid) was carried out in Hoff-
mann’s apparatus. The quantity of evolved hydrogen was cal-
culated by measuring the volume of the hydrogen gas, em-
ploying the ideal gas approximation.

Keywords: Faraday’s constant; direct coulometry; college
chemical experiments

INTRODUCTION

In the early years of the nineteenth century,
Faraday discovered the laws of electrolysis [1].
According to the Faraday’s first law, the mass of
the substance obtained by electrolysis (m;) is pro-
portional to the quantity of electricity that has
passed through the system (g). The law may be
expressed by the following equation:

mg =k (1)

where the constant k, is called electrochemical
equivalent of the substance (denoted by the index
s) in question.

Faraday’s second law states that the electro-
chemical equivalent of a given substance is propor-
tional to the ratio of its molar mass (M) and the
relative charge of its ions in solution (z), i.e.:

M

s

S =Fk

s 2

where the proportionality constant F is called
Faraday’s constant or Faraday.
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Jo ¢dusmukoro 3Hauewme Ha PapageeBara
KOHCTaHTa MOXe Jla ce JOjie CO ETHOCTaBHO
KOMOMHMpame Ha paBeHKUTe 1 1 2:

M

s

S =Fk

s> 3)

7 3aMeHYyBamke Ha (PU3HIKUTE BEINUNHHU CO CO-
OfIBETHHUTE OPOjUYEHHU BPETHOCTH:
(M}

=—5" 4
{mg} ) “)

Bo 10j ciyuaj:
{F}={q} (&)

Taka, ®apaneeBaTa KOHCTaHTa € Opojue-
HO eJHaKBa Ha KOJMYECTBOTO EJIEeKTPHUIUTET
MOTPEOHO 3a eNEKTPOXEMHCKA TpaHcpopManu-
ja Ha efleH MOJ CyIICTaHIla Koja BKJIy4dyBa eiu-
HUYHA IPOMEHA Ha PEeNaTUBHUOT MOoJHEXK. Taa
€ BCYIIHOCT efHaKBa Ha (MOJApHOTO) KOJW-
YECTBO €JIEKTPHULIUTET, KO€ KOPECIOHAUPA Ha
ABoranipoBuoT 6poj Ha enekTponu. HejsuHata
BpeiHOCT M3HecyBa 96485 C mol ™. [lokonKy, Ha
NIpUMEP, KOJIUYECTBO EJIEKTPULUTET €JHAKBO
Ha 96485 C mpoTede HM3 BOJEH pacTBOp Ha
AgNO;, Ha KaTopaTa Ke ce JENOHUpa KOJIH-
yecTBo off 1 mol cpebpo.

dapageeBaTa KOHCTaHTa OOWYHO CE OIpe-
JeNyBa CO MOTOfieH TPaBUMETPUCKA METOf. 3a
Taa [eJ MIUPOKO ce MPIMEHYBa BOJIEH PacTBOP
on Gakap(ll)cynar [2]. Y1 mokpaj HeroBaTa
MPEIU3HOCT, OBOj EKCIIEPUMEHT HE € JOBOJHO
aTpakTHBEH KaKO J[IeMOHCTpalyja — CTYyJeH-
THTE He MOXaT fia TW clefjaT MPOMEHUTE BO
CHCTEMOT BO TEKOT Ha MpOIECOT Ha eJeK-
Tposnm3aTta. OCBEH ToOa, TOj € [OJrOTpaeH.
Muory npeuusnu mepewa Ha PapajeeBara
KOHCTaHTa ce M3BEJIEHH CO BUCOKO Ipelu3Ha
KyJloMmeTpuja [3], HO co TpHMEHa Ha JAocCTa
KOMIIJIEKCHA HHCTPYMEHTAllH]a.

Kako anTepHaTmBa ro mpepyarame ekcrie-
PUMEHTOT omuIllaH mofoiy. Toj e aTpakTHBEH,
MIPOMEHUTE Ce jacHO 3a0eNeXKIINBY, U JjaBa MOX-
HOCT 32 JJUCKYTHpamke Ha Pa3IMYHATE N3BOPU Ha
TpelIkd KOM ce Ofipa3yBaaT Ha KpajHUOT pe-
3yJTaT, KaKO ¥ HUBHATA PENTaTUBHA 3HAYajHOCT.

MATEPUJAIIN U TTPUBOP

IMon3yBaHu ce paspefieH pacTBOp Off CYJ-
dypua kucemuna (p = 1,130 g-cm™), XodmaHos

One may quickly arrive to the physical mean-
ing of the Faraday’s constant by simply combining
eqs 1-2:

> = Fk, 3)

and then substituting physical quantities with their
numerical values :

(M}
{zs}

“4)

{mg}=

In which case :
{F}=1{q} (5)

So, Faraday’s constant is numerically equal to
the quantity of electricity required for electro-
chemical transformation of one mol of a substance
that includes a relative charge change equal to one.
In fact, it is equal to the (molar) quantity of elec-
tricity, corresponding to Avogadro’s number of
electrons. Its value is 96485 C mol™". If, say, a
quantity of electricity equal to 96485 C passes
hrough an aqueous solution of AgNQO;, a quantity
of 1 mol silver will be deposited on the cathode.

Faraday’s constant is usually determined by
some suitable gravimetric method. For that matter,
an aqueous solution of copper(Il) sulphate is
widely used [2]. However, this experiment, al-
though accurate in principle, is not attractive
enough as a lecture demonstration — the students
can not follow the changes in the system during the
process of electrolysis. It may also appear to be
time consuming. Very precise measurements of the
Faraday have been performed by high-precision
coulometry [3], at a price of a rather complex in-
strumentation.

As an alternative, we suggest the experiment
described below. It is attractive, quite fast, the
changes are clearly visible and it also gives the
opportunity of discussing various sources of errors
that affect the final result, as well as their impor-
tance relatively to each other.

MATERIALS AND EQUIPMENT

Diluted solution of sulphuric acid (p=1.130
g~cm‘3), Hoffmann’s apparatus, multimeter, d. c.

Bull. Chem. Technol. Macedonia, 17, 1, 53-59 (1998)
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arapar, YHUBep3aJleH HHCTPYMEHT, N3BOp Ha efl-
HOHACOYHA CTpyja (aKyMmynaTtop wim OaTepum),
6apomMeTap, TepMoMeTap, XpoHomerap. [Toxern-
HO € MPeNM3HOCTa Ha CUTe MHCTPYMEHTH Jia Oupe
LITO € MOXKHO TIOroNieMa, 3a fia ce 06e30eu mo-
rojieMa NMpenu3HocT (KaKo M TOYHOCT) TpH Me-
pemeTo Ha KoHeuHaTa BennunHa (F).

EKCIIEPUMEHTAJIEH JEJI

OBOj eKCIepuMEHT MOXe Ja ce M3BeAyBa
co Xo(MaHOB amapaT WIU cO UMIPOBU3NPaHA
amaparypa KakBa IITO € MOKasKaHa Ha CIMKaTa
1. Taa ce cocrom op fenoBu oy OUpeTH, IIa-
THHCKH €JIEKTPOJH, CIIaBUHH U pe3epBoap, KOH
ce TIOBp3aHW CO TUIACTUYHY IpeBa. [TaBHaTa
NIPEJHOCT Ha MMIIPOBHM3HMpaHaTa amaparypa e
MOXHOCTa 3a IOIPENU3HO Mepeme Ha BOJY-
MEHOT Ha ocnobopeHnotr rac. Kako enekrpo-
JIAT MOXKeE Jla ce KOPUCTH Pa3peficH pacTBOp Of
cyndypHa KrucenmHa. Kako m3Bopu Ha eTHOHA-
COYHA CTpyja MOXKaT fla ce KOPHUCTAT aKyMyJa-
TOp 3a aBTOMOOWII, iBe GaTepuu of 4,5 V unu
uctpasyBad. [Ipedepupan e npBuoT of Habpo-
€HUTE U3BOpH, OuUNejKM OBO3MOXKYBa KOH-
CTAaHTHOCT Ha cCTpyjaTa 3a peNaTHBHO HAOJIIO
BpeMe.

power supply (car battery or dry batteries), ba-
rometer, thermometer, chronometer. It is desirable
that the precision of all instruments be as high as
possible, to ensure higher precision (as well as ac-
curacy) in the measurement of the final quantity

(F).

EXPERIMENTAL

This experiment can be performed with
Hoffmann’s apparatus, or an improvised one,
shown in Fig. 1. It consists of parts of burettes,
platinum electrodes, regular and three-way stop-
cocks and a reservoir, which are connected with
plastic tubings. The main advantage of the impro-
vised apparature is, perhaps, the possibility for
more precise measurement of the volume of
evolved gas. Diluted aqueous solution of sulphuric
acid may be used as an electrolyte. A car accumu-
lator, two dry batteries of 4.5 V, or a rectifier may
be used as a current source. The first source is the
one that is preferable, as it is gives constant current
for quite a long time.

Ca. 1. Umnposusupasd XogMaHOB anapar:
a — mapye off 6upeTa; b — INIATHHCKA eJIEKTPOJIA; C — CIaBIHA CO TPU pasrpaHyBama; d — clTaBUHA

Fig. 1. Improvised Hoffmann’s apparatus:
a — piece of burette; b — platinum electrode; ¢ — three-way stopcock; d — stopcock

T'nac. xeM. TexHon. Makeponuja, 17, 1, 53-59 (1998)
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HeonxonHo € fa ce u3Mepu rycTuHaTa Ha
pacTBopoT of cyndypHa KucenumHa (3a IITO
MOXKe Jla ce KOPHCTH NMHKHOMETap, HO Mepe-
BaTa CO apeoMeTap OBO3MOXKyBaaT MOBOJHA
MpEenu3HOCT M ja MMaaT MHpefgHocTa IITO ce
3HauUnTeNHO Mo6p3m). Kncenmuara ce mocra-
ByBa BO CYB (WJIM MCIUTAKHAT CO MCTHOT pacT-
Bop) XodmanoB anapat. [Ipu momHemeTo Ha
amapaToT cO KHCeJIMHa Mopa fla c€ BOIX CMET-
Ka 3a MOKHOCTa OJf HaCcTaHyBame Ha BO3[YyII-
HU Meypuua BO LeBkuTe. HeomxonHo e BHU-
MaTeJHO 4YHCTeHe Ha amapaToT Nped YIoT-
peba. Bo cnpoTuBHO, 3a BpeMe Ha Ocao0oay-
BambETO Ha racoT, Kalk! Off paCTBOPOT MOKAT
la ce 3aJIeTiaT Ha SUOBUTE Ha IIEBKUTE U fa TO
3rojieMaT HW3MEPEHMOT BOJYMEH Ha BOAOPO-
mot. IlocTaByBameTO Ha KOJOTO 3a eleK-
TpoJH3a € NpUKaXkaHo Ha cIuKara 2.

The density of the sulphuric acid solution has
to be measured (a picnometer may be used, but an
areometer also gives results that are precise enough
and has an advantage, the measurement being
much faster). Then it should be placed into dry (or
washed with the same solution) Hoffmann’s appa-
ratus. Care should be taken when filling the appa-
ratus with the acid, due to the possibility of ap-
pearance of air bubbles in the tubes. The apparatus
should be cleaned carefully before use. Otherwise,
during the gas evolution, droplets of the solution
may stick on the tube walls and increase the meas-
ured volume of hydrogen. The circuit should be set
as shown in Fig. 2.

Cn. 2. lllema Ha ekcliepuMeEHTaIHATA anapaTrypa
Fig. 2. Set-up for demonstration

[Ipu 3aTBOpame Ha CTPYJHOTO KOJIO ce 3a-
NOYHYBa CO MEpEmE Ha cTpyjaTa W Ha BpeMe-
TO. JIOKONKY CTpyjaTa € KOHCTaHTHa (KaKoB
IITO € CIy4ajoT NpH MOJI3yBame Ha aKymyJa-
TOp KaKO M3BOp), KOINYECTBOTO EJIECKTPHIH-
TeT KO€ MWHAJIO HU3 CHCTEMOT MOXKe Aa ce
mpecMeTa E€IHOCTaBHO KakKo MpPOU3BOJ Of
cTpyjaTa u BpeMeTo. [IOKOJIKY Mak cTpyjaTa ce
MEHyBa CO BpeMeTO (Ha TMpUMep NpH IOJI3Y-
Bame Ha OaTepuy KakO M3BOP), HEONMXOHO €
U3BelyBake Ha HyYMEpUUKa WHTerpanwja.
EnekTponusara ce n3BeayBa HEKOJIKY MAHYTH
(TmoxenHOo e ma ce 0cnoboaT HajMaIKy OKOIY
15 cm’ Bogopon). IToToa ce oTuMTyBa BOMY-
MEHOT Ha 0ciI000[IeHHOT BOROpoA. VcTo Taka
ce MepH BUCHHCKATa pasiiuKa IMoMery pacTBo-
POT BO cpefgHaTa LieBKa M OHaa BO Koja ce
oc1060yBa BOLXOPOROT, CO Ied Jla ce Ipec-
MeTa KOpEeKIHjaTa MOpajfid XUAPOCTATHIKAOT
NIPUTUCOK HA Pa3pefeHuOT pacTBOpP Of CYI-
¢ypHa KucenmHa.

By closing the circuit, one starts the meas-
urements of time and current. If the current is con-
stant (as is the case when a car accumulator is used
as a current supply), the quantity of electricity may
be simply calculated as a product of time and cur-
rent. Otherwise, if the current varies with time (e.g.
when dry batteries are used as a current supply), a
numerical integration should be performed. Elec-
trolysis is performed for several minutes (at least
15 cm’ of hydrogen should be generated). After
that, the volume of the hydrogen is read from the
graduated tubes of the apparatus. Also, the height
difference between the solution in the middle tube
and in the tube where the hydrogen is evolved
should be measured, in order to make corrections
due to the hydrostatic pressure of the diluted sulfu-
ric acid solution.

Bull. Chem. Technol. Macedonia, 17, 1, 53-59 (1998)
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ITPECMETKHA

JOKONKy cTpyjaTa € KOHCTaHTHA, KOJH-
YECTBOTO E€JIEKTPUIUTET KOe ce MEHYBa € efi-
HakBO Ha TpousBofoT [-f. OBOj MpousBof €
UCTO Taka e HaKOB Ha F-n., Kajie WITO 71, € KO-
JMYECTBOTO HAa pa3MEHETH eleKTpoHHu. Peak-
nyjaTa Ha OCIIO0OAYBamke Ha BOJOPO MOXeE J1a
ce IpUKaxke co Ccef{HaBa paBeHKa:

2H,0" +2¢~ - H, +2H,0 (6)

Ol ITO € OYUITIEAHO fieKa n, = 2ny . [Tonsy-

BajKM ja ampoKcuMalyjaTa 3a HjealeH rac, ce
nob6uBa:

_ PV
nH, = RT (7)
"N KOHCYHO:
IIRT
F=—r
2PV ®)

kane P u T ce COOABETHO MPUTUCOKOT U TEM-
nepaTtyparta Ha BogopofioT. OBOj IPUTCOK MO-
K€ Jla ce IpecMeTa CIiopef] paBeHKaTa:

P = Py — Py, (corr.) + pgh 9)

Kajie mMTO Py, € IPUTHCOKOT NMPOYNTAH Ha Oa-
pomerapor, Py, (Corr.) e MapHHOT NPAUTHCOK

Ha BofIaTa Ha paboTHATa TeMIeparypa, KOpH-
THpaH MOpajy NPUCYTHATA CYNpypHA KUCEIH-
Ha MON3yBajku ro mopucunupannor Paynos
3akoH (fgofatok 1) [4]. [IpousBogotr pgh e xu-
APOCTAaTUIKUOT MIPUTUCOK Ha PACTBOPOT.

Bo mnpumepor mnpukaxkaH IOROIYy €
JajeHa IpecMeTKa Ha BpegHocTa Ha F. Ilope-
TaJjbHA UCKYCHja 32 MOXKHHTE TPEIKH € JJajicHa
BO JTOJATOKOT 2.

N3PABOTEH ITPUMEP

Bo TekoT Ha efieH Off eKCIIEpUMEHTHTE Ce
U3MEPEHH CIEJHUBE BPENHOCTH Ha (PU3UIKUTE
BEJIMYMHH (JJaIcHN ce U TOYHOCTHUTE MPU Mepe-
’baTa, T.€. TPaHUIUTE Ha PEU3HOCT):

I1=1,10+0.01 A
1=210+05s
V=30,3+0,2cm’
h=27,0+0,2cm
Py = 98052 £2 Pa

T'nac. xeM. TexHon. Makeponuja, 17, 1, 53-59 (1998)

CALCULATIONS

If the current is constant, than the quantity of
electricity exchanged is equal to /- ¢. This product
is also equal to F- n., where n. is the quantity of
exchanged electrons. The reaction of hydrogen
evolution can be represented by the following
equation:

2H,0* +2¢” — H, +2H,0 (6)

from where it is obvious that n. = 2 ny, . Using the

ideal gas approximation, one gets:

PV
™My T (7
and, finally:
ItRT
F=—-
2PV ®)

where P and T are the pressure and the temperature
of the hydrogen. This pressure can be calculated by
the following equation:

P = Py — Py, (corr.) + pgh 9)

where Py, is the pressure read from the barometer,
B, , (corr.) is the pressure of water vapor at the
2

ambient temperature, corrected due to the presence
of sulphuric acid using the modified Raoult’s law
(Appendix 1) [4]. The product pgh is the hydro-
static pressure of the solution.

A calculation of the value of F'is given in the
worked example given below. A thorough discus-
sion on the possible errors is given in Appendix 2.

WORKED EXAMPLE

The following values for the physical quanti-
ties were measured during one of the experiments
(the uncertainties of the measurements, i.e. the lim-
its of precision are also given):

I1=1.10+0.01 A
1=210+05s
V=303+02cm’
h=270+£02cm
Py = 98052 +2 Pa
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T=2975+05K
Pu,so, = 1,130 £0,001 g-cm™

*

Py =3150 Pa.

Op ropHUTE NOAATONHM ce J0OMBa JeKa:
F =96039 + 1923 C mol ™.

IMporeHKkaTa Ha PENU3HOCTA HA MEPEHHE-
TO (AF) e onuIIana BO TOJATOK 2.

MOJIATOK 1

Crnopep; PaysoBHOT 3aKOH, CHIDKYBaHETO
Ha MapHUOT NMPHUTUCOK Ha BOJaTa, KOe ce Aol
KM Ha TPHUCYCTBOTO Ha CYJI(pypHA KUCEJMHA,
TOKOJIKY ce 3eMe MPEABHJ CaMoO NPBHOT CTe-
MIeH Ha eJIEKTPOJINTHA Aucolujanuja (ce cMeTa
lieKa BIMjaHUETO Ha BTOPHOT CTENEH € KOM-
NMEH3UPaHO CO BPEJHOCTHTE Ha KOE(HIMCH-
THATE Ha aKTUBUTET), € IaflcHO CO U3Pa3oT:

Pu,0 = Pu,0(-ixp,s0,),  (10)

.
Kajie wro F, , e MapHHOT NPUTHCOK Ha YUCTa

BOfla Ha paboTHaTa TeMmIiepaTypa, i € van’t
Hoff-oBHOT KoedumeHT (Kako IITO € MPeTXOf-
HO CIIOMEHATO, MPETHOCTaBeHa € BPEeIHOCT 2), a
NaK Xy o, © MOJCKHOT yfesl Ha cyndypHara

KucejauHa.

TOJIATOK 2

ITomony € meMoHCTpUpaH cTaHAapAeH Ma-
TEMATUYKN TPETMAH Ha MOXKHUTE I'PELIKA [5].
Ce noara of paBeHKaTa:

ItRT 1
F —

T OV Ry~ Puolcomytpgh D

JlorapuTmMupajku ru BeTe CTpaHH, ce [O-
6uBa:

InF=Inl+Int+InT +In(R/2)—
—InV —In(Ryy, — Py,o(corr.) + pgh)  (12)

(3apaau eHOCTaBHOCT, BO TOCIIETHUOT U CHTE
OCTaHATH W3pa3u, cUMOOIUTE Ha (PU3UIKHUTE
BEJIMYMHH — A, ce TIOJI3YBaHU HAMECTO CUMOO-
JUTEe 32 KOPECHOHACHTHUTE OpOjueHH Bpef-
Hoctu {A}).

T=2975+05K
Pi,s0, =1.130£0.001 gcm™

*

Py =3150Pa.

From the above, one calculates:
F =96039 + 1923 C mol ™.

The estimation of the precision of the meas-
urement (AF) is given in Appendix 2.

APPENDIX 1

According to Raoult’s law the lowering of the
water vapor pressure, due to the presence of sul-
phuric acid and taking into account only the first
dissociation step (the influence of the second step
is assumed to be compensated by the values of the
activity coefficients), is:

* )
PHZO = PHzO (1 - lezSO4 ) (10)

where PH2O is the vapor pressure of pure water at

the ambient temperature, i is the van’t Hoff’s coef-
ficient (as previously mentioned, the value of 2
was assumed for i), and Xy g, s the mole fraction

of sulphuric acid.

APPENDIX 2

The application of a standard mathematical
treatment of the possible errors [5], will be demon-
strated. One starts with the following equation:

_ ItRT 1

2V Py — Py, o(corr) + pgh

(1)

Taking logarithm on both sides, one obtains:

InF=In/+Int+InT+In(R/2)—1nV —
—In(Pyyy = Py, 0 (corr.) + pgh) (12)

(For simplicity, in the last and all of the following
equations, the symbols for physical quantities — A
are used instead of the symbols for the correspond-
ing numerical values {A}.)

Bull. Chem. Technol. Macedonia, 17, 1, 53-59 (1998)
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IucepeHnupajku ro NmocinegHUOT H3pas,
ce moOuBa:

dinF=dIn/+dInt+dInT +dIn(R/2) —

(13)
—dInV —dIn(R,, — Py,o (corr.) + pgh)
IITO IIOHATaMYy JaBa:
dF dl dt dT dV
F 1 + T 'V
(14)

~ d(Ryy — Py, (corr.) + pgh)
(Pbar - PH20 (COIT.) + pgh)

Co orzep Ha Toa wro F, ,(corr.) e mpe-

CMETaH CO rojieMa nNpeunu3HoCT, BO paMKUTEC Ha
OIMUIIAHUTE allpOKCUMalu, KOHEYHO CC HOGI/I-
Ba:

dFF dI dt dT dV

— =t

F 1 t T Vv

_dRy, +g(hdp + pdh)
(Poar = Py,0 (corr.) + pgh)

(15)

3a fa ce NICKOPUCTH TOcefHaTa paBeHKa
3a MPOILIEHYBalkEe Ha IpelllKaTa, MH(UHUTE3H-
MaJIHUTE BEJNIWYMHHU CE 3aMeHyBaaT CO Kope-
CINIOHJEHTHUTE ,TpaHUIN Ha NPENU3HOCT" 3a
CceKOja OJI MEpPEHHTE BEJIWYWHU, 3eMajKu THU
IpA TOA AaIlCOJYTHUTE BPENHOCTH Ha CHUTE
4JIEHOBH, T.€.:
AF Al At AT AV
— =t —t—+—
F 1 t T
APbar + g(hAP + ,OAh)
(Poyr — PHZO (corr.) + pgh)
I'pannmuTe Ha TPEUU3HOCT (COOABETHUTE
BpPETHOCTH Ha A) 3a MepemaTa BO OBOj eKCIle-

PUMEHT ce JajiecHu BO M3PpabOTEeHUOT MpHUMep.
Co HUBHaA 3aMeHa, ce NoOuBa:

AF = 1923 C mol™

(16)

Ce pa3bupa fieka NMPeTXOHUTE MPECMET-
KM MOXaT f1a ce HampaBaT CO MOMOII Ha MH-
KpocMeTad, 3a fia ce n30erHar (cexorair) Mad-
HUTE anre0apcKy MaHWUIYJIAINN.

Differentiation of this final form:

dlnF=dIn/+dlnt+dIn7 +dIn(R/2) -

(13)
leads to:
dFf dI dt dT dVv
F I t T %
(14)

B d(Pyy — P, 0 (corr.) + pgh)
(Poar = Piyo (corr) + pPgh)

As B, o (corr.) is very accurately calculated,

within the approximations used, one finally gets:

dFF dI dtr dT dV
—=—+—+

F 1 t T

_ dear + g(hdp + pdh)
(Poar = Py (corr) + pgh)

(15)

To use this equation in the estimation of er-
rors, one usually substitutes the infinitesimals by
the corresponding 'limits of precision' for each of
the measured quantities, and also takes the absolute
values of all terms, i.e.

AF Al At AT AV
— =t —t—t—
F 1 t T
APbar + g(hAP + ,OAh)
(Pbar - PHzO (COrr.) + pgh)

(16)

The limits of precision (the corresponding
A’s) of the measurements in this experiment, were
given in the worked example. By substitution, one
easily obtaines :

AF = 1923 C mol™

It is self understood that all above calcula-
tions should be done using a computer, to get rid of
the (always!) tedious algebra manipulations.
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