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THE USE OF PARTIAL DIFFERENTIALS FOR THE
ESTIMATION OF ERRORS IN VOLUMETRIC ANALYSIS*

F. Wm. CAGLE, Jr.
University of Illinois, Urbana

This work was undertaken to de-
termine what accuracy might be ob-
tained in carefully conducted volu-
metric analysis. It is desirable to
have such data in view of the im-
mense popularity which volumetrie
schemes enjoy.

DEVELOPMENT OF FORMULAE

First let us develop partial differ-
ential expressions for probable error
in volumetric analysis.® We shall
derive these from the usual forms of
the equations used for the calcula-
tions of volumetrie results.

The following symbols shall have
the meanings assigned :

S = Sample weight in grams.

ml = Volume of standard solu-

tion in milliliters.

e = Milliequivalent weight of
substance sought or primary
standard weighed.

N = Normality of standard solu-
tion.

If a sample of 8 (in grams) of a
standard substance, whose milliequi-
valent weight is e, reacts stoichio-
metrically with a volume ml (in mil-
liliters) of a solution, we may say
that the normality, N, of the solution
is given by :

N (I)
ml < e
We may then write(e is a constant) :

*The material in this paper has been taken from
a thesis presented to the Graduate School of the
University of Illinois in partial fulfillment of the
requirements for the degree or Master of Science
(1945). It is presented with the permission of the
Dean of the Graduate School and Professor G. L.
Clark, under whose direction it was prepared.

1 S
dN= 28— 2 (ml)
ml X e (ml)? X e (II)
Now let us divide IT by I to obtain
expression I11:
dN 2S5 9(ml)
= — (I1IT)
N S ml
If a weighed quantity, S, of a
sample of milliequivalent weight, e,
should require ml milliliterssof a
standard solution of normality, N,
for stoichiometriec reaction, we may
calculate percentage purity by form-
ula I'V:
ml X N X e X 100
O

(Iv)
S
By the scheme described above we
can obtain expression V:

N X e X 100
4% = 9 (ml) +
ml X e X100 ml>X N X e > 100
ON— 29
S? (V)

Combining expressions V and IV
we derive VI:

d% o(ml) N 23S

I = (VI)

% ml N S

If two solutions, one of volume, ml
and normality, N, and the other of
volume, ml’, and normality, N’, re-
act stoichiometically, we may write
expression VII:

N X ml =N’ X ml’ (VII)

T'rom this we may write expression
VIII:
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ml’ N’
dN = oN’ + 9(ml") —
ml ml
N(ml”)
——— 2 (ml) (VIII)
(ml)*

Dividing VIII by VII we obtain IX :
dN oN’ o(ml’) (ml)
— 3 L
N N’ ml’ ml
(IX)

It is necessary to give some consid-
eration to the evaluation of the sep-
arate terms in equations I1I, VI, and

oS
IX. The term — is estimated from

S

a knowledge of the sensitivity of the
balance upon which the samples are

© (ml)

is esti-

weighed. The term
ml

mated by careful weight ealibrations
of the burettes used. The pipets were
standardized by the United States
Bureau of Standards, and their er-
ror could be obtained directly from
the certificate provided. In the case

N’
of equation IX,

is required. This
N’

is evaluated from previous caleula-

tions with equation IIT.

APPLICATION TO EXPERIMENTAL
Dara
Table 1 contains data on the stand-
ardization of perchlorato - cerate
solutions with samples of sodium ox-
alate. The over-all reaction is:

'2H, Ce (010,), + Na,C,0, —

2 CO, + 2Ce(ClO,), + 6 Na C10,

A sample of about 0.25 gram of
pure dry sodium oxalate is accur-
ately weighed on a balance of known
sensitivity and dissolved in about
100 milliliters of 2N perchloric acid.
This solution is then titrated (in the
cold) with the unknown solution of
perchloratocerate from a previously
calibrated burette with the ferrous
complex of 5-nitro-(1,10)-phenan-
throline as the indicator. Samples
4 through 7 were taken from publi-
cation 2 listed in References with
the knowledge and permission of the
author.

Examples 1, 2, 3, and 4 in Table 2
concern the quantitative oxidation
of sucrose by a perchlorato-cerate
solution in 4N perchloric acid.? The
over-all reaction is:

CI2H‘3201[ + 26 Hzce(0104)|1 S
12H,0 = 11 H,CO, 4 €O, +
26Ce(C10,), + 78 HCIO,.

Examples 5, 6 and 7 in Table 2
represent data obtained for the titra-
tion of a weighed sample of purified
ceric ammonium nitrate titrated
with sodium oxalate in 2N perchlorie
acid.

Table 3 contains data on the stand-
ardization of a perchlorato-cerate
solution with a standard solution of
sodium oxalate and the reverse of
this standardization.

I't will be noted that in each table
values of maximum, minimum, and
average values for the terms eval-
nated are given. These are obtained
by summing the individual terms to
eet the largest and the smallest sum-
mation and finally averaging these
two values. This average calculated
error is usually quite close to the ob-
served variations in the analyses as
inspection of the tabulated data will
show.
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1. If one is unfamiliar with this use of
the partial differential expression, a
standard textbook on calculus should
be consulted. The following is rec-
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TABLE 1.—STANDARDIZATION OF CERATE
Standard Titrating
NazC20,4 o8 o8 solution 2(ml) N
Wt. in S Vol. in 2(ml) e
grams 8 milliliters ml
1. 0.2500 | +0.0003 | +£0.0012 36.90 +0.04 | £0.0011 0.1012
2. 0.2517 i +0.0012 37.15 % +0.0010 0.1011
3. 0.2503 2 +0.0012 34.81 & +0.0011 0.1010
4 - 0.1132 34 +0.0026 34.81 +0.06 | £0.0017 0.04856
5. 0.1092 2 +0.0027 33.63 g +0.0017 0.04849
6. 0.0883 2k +0.0034 27.16 A +0.0022 0.04855
T 0.0958 4 +0.0031 26.46 i +0.0023 0.04856
TABLE 2—EXPERIMENTAL DATA INTER-
Titrating
Wit. of o8 solution 3(ml)
sample 28 e Vol. in 2(ml) o N
g s milliliters (ml)
é‘ 0.01250 | +0.0003 | +0.024 8.90 +0.06 +0.0067 0.1051
3. 0.03371 7 +0.0089 2450 Gy +0.0025
4‘ ” ”n ” 24.44 ” »n n
5. 2.5000 i +0.00012 44 19 +0.04 | +£0.00091 0.1031
6- »” ”n 1 4416 ” ” 1
7' ” ” »” 44.18 ” ” "
TABLE 3—EXPERIMENTAL DATA INTER-
a(ml’) 2(ml) oN'
ml’ a(ml") === ml a(ml) = N’ ==
ml’ ml N’
1. 23.01 +0.02 | 0.00087 | 25.00 +0.002 | +£0.00008| 0.1051 0.002
2. 23 02 tH 1" n n 1 ” n
3. 23 01 ” ” " » ” ” ”
;. 47.22 :: 0.09042 50’.,00 :: +0.90004 0 1’912 0.001
6- 4703 1" 1”2 »” L] ” " n
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SoLuTioNs WiTH PrRIMARY STANDARD Na,C.0,
dN
Max. T Av. Max dN Av.
N Min.
Min.
+£2.3x107% | £0.1x107% | £1.2x107* | +2.3x10~* | +0.1x10~* +1.2x104
+2.2 7 +0.2 " FL02 2.2 0.2 2 £pi2 "
2.8 2 0.1 +1.2 +2.8 2 $0.1. ¥ +112 7
+4.3x1073% | +0.9 " +2.6 ” +£2.1x107* | +0.44x107% +1:3 ¥
+4.4 7 +1 0 20T 2 +2.1 * +0.48 e ) Y
+6.6 $11. 20 2 +3.9 ” el 2 2 +0.58 +1.9 ”
+6.4 " +0.8 " +3.6 frpigl +0.39 " 140
PRETED By MEANs oF Equatron VI
d%
e A » M: _‘?_ A M Isl% A
= - 0 2 ; - 5
N (Approx.) ax M. V. ax in V.
+0.0020 98.48 | £0.022 +0.012 0.017 +2.2 +1.2 1.7
” 98.49 ” 7 " ” 1" "
2" 100.28 | +£0.013 +0.0044 +0.008 +1.3 +0.4 +0.8
” 100‘52 ” »” " ” 1" ”
+0.00052 99.92 | £1.5x107% £0.27x1073 | +£0.9x10~3 +0.15 | +0.027 +0.09
” 9988 ” ” 113 LR n ”
” 99‘91 ”n ” ” ” tE »
PRETED BY MEANS oF EqQuarTion IX
dN
S dN
N Max. N Av. Max. Min. Av,
Min.
0.09673 | +£0.0022 | +0.0018 | £0.002 +2.1x10~* | +1.7x10~* +1.9x104
0.0%78 1 ”» » ” 1 ”n
009673 1 »n ” ” ” "
0.09517 :I:O.’{}DM 1-0.,90[)5 :tO,QOOQ il.:gzzlﬂ-* +0.-%'xlO“‘ :f:0‘§x10—'
009518 ” 1 " 7 n ”




