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Figure 1 Circuitdiagram of conventional potentiostat equipped
with the functions of compensating iR, drop and tuning sensi-

tivity for current acquisition®
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Figure 2 Relationship between the R, gsand the distance between
pe-Pt electrode and the tip of Luggin capillary in 0.1 mol L
HCIO,. R, gs was measured using CHI 760D potentiostat!®!.
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Figure 3 i-E curves for HER on pc-Pt electrode in (A) 0.5 mol-L'1 H,SO, and (B) 0.05 mol - L' H,SO,, recorded with various

percentages of R, us compensation. (C) and (D) show the corresponding Tafel slopes of the i-E curves in (A) and (B), respectively.

The values of R, g 5.2 Q) (A, C) and 36.5 Q) (B, D). All measurements and compensations were performed using Autolab 302N po-
tentiostat. Sensitivity: 0.1 A- V' (A, C) and 0.01 A-V" (B, D). Scan rate: 10 mV -s™. (color on line)
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Table 1 Comparison of the R, measured by different methods and instruments

0.5 mol-L*! HzSO4 0.05 mol-L" HzSO4

Method 0.1 mol-L! HCIO,
EIS, Autolab 302N 27.0Q
EIS, CHI 760E 24.7Q
STEP, CHI 760E 12.7Q
Calculation 31.3Q

6.0 Q) 37.0Q
6.0 Q) 3550
420 214 Q
6.0 Q) /

*All of the R, values were measured with the same pc-Pt electrode. The R, values given are the average of three repeated measure-

ments in the same solution while keeping other conditions the same.
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Figure 4 i-E curve for HER on (A) Pt (111) and (B) pc-Pt elec-
trodes in 0.05 mol-L" H,SO,, compensated at different sensitivi-
ties. The R, s values of 189.0 () (A) and 37.1 Q) (B) were mea-
sured using Autolab 302N potentiostat. Curves were compen-
sated and measured using CHI 760E potentiostat with 95% (A)
and 90% (B) of R, gs compensation. Scan rate: 10 mV +s™. (color

on line)
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Table 2 Upper limit of compensable R, at

different sensitivities

Instrument Sensitivity ~ Sensitivity ~ Sensitivity
0.1A-V' 0.01A-V' 0.00l A-V"!
CHI 760E 10Q 100 Q 1000 Q
Autolab 302N” 200 200 ) 2000 Q

*On Autolab 302N potentiostat the sensitivity is replaced by
the current range (A).
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—o— without compensation
o— input value: 10 Q
—a— input value: 35.2 Q

-0.06 -0.03 0.00 0.03 0.06
E/V(vs. RHE)

Bl 5 Z & Pt HUITE 0.05 mol-L' H,SO, VAT , i it Tl
AN (5] L BELAELHEA T BRI A A2 S T S B BT - IR
R, ps F1 Autolab 302N i B ({075, HAE K 37.1 Q, &HT
W i-E #i i s 3t CHI 760E i H v 58 A%, RN
0.1 A-V', FIHEHEAS 10 mV s, (MZMEED)

Figure 5 i-E curves for HER on pc-Pt electrode in 0.05 mol- L™
H,SO, with the manual compensation using CHI 760E potentio-
stat. The R, g value of 37.1 () was measured using Autolab po-
tentiostat. Sensitivity: 0.1 A+ V™. Scan rate: 10 mV -s™. (color on

line)

H R A MR T RE R B A A A E 22 5%, Wl 6
JIE7s A5 AR 2R HEAT ROCARE H R R | AR [R] 451
FAE Autolab 302N 5 CHI 760E &I {H e, 111X FiC
SEIENT Y -E IR HEA—3, SR, Bff Au-
tolab 302N 5 CHI 760E 8 L A3 { kM AH [R] i H BHL
18, #MEEJS B ST Y i-E 2R A e B Y 22
S, AN BN 0.5 mol - LT H,SO, (& 6 (A))EL
0.05 mol -L" H,SO,(/¥l 6(B)), i il CHI 760E 1H Hy,
D ASCRME J& B EAT L BN TR SR 45 4 F Au
tolab 302N & L7 {SNAS () HL I, F FAH AR &
B HB OB A FR R, I Fh 25 AR A 2 o5 3]

T Ak AR OO 19 D R AR AT e L B T 4
ANTA], (AT L A A R RRCAR) v B Ay [T A
PERBAAAEZE 5 o HARIE R AN B A Rt — 20 )
5T, 5 B2 R [RES A M I 15 2] i 45 2R 0] fig
FETEA 22 , U RTE L L R R L, iX —
25 5 ] g 2 55 F M BRI R A B (R PR BT, AN
I F o M 8 8 7 2% i E i o DR AR b
IO FE O ZR B BIFSE o SRy T I R 0 AL A (] s G
MiR2E, IR E TAEE R T — 5 T AR
B, A5 RV, B A IO S B0 38 1R ] — AR i 28 5
B, I TE R 2 B A BCEE AR AR 45 S 5

0 'A)wz a—a gt A —e——a Ao
2
< -40r //—Df CHI, without compensation
g —o— Autolab, without compensation
= 80t —a—CHL R, 4
—v— Autolab, R, us
-120
0B >
-10+
é —o— CHI, without compensation
= 220+ —o— Autolab, without compensation
4—CHL R, s
30t —v— Autolab, R, g5

-0.06 -0.03 0.00 0.03 0.06
E/V(vs. RHE)

B 6 £ Pt HLIRAE(A) 0.5 mol-L"' H,SO, 5 (B) 0.05 mol-L"
H,SO, W &b i i-E ihZk, 433l CHI 760E 5 Auto-
lab302N fEH A AT . R, ms fELHT Autolab 302N fHHL
BLACIAE, 735000 5.2 Q (A5 37.1 Q (B), #MERYTI 3 L1y
H90%, REEH 0.01 A-V FHIEAE R 10mV-s', (4
ITTALD

Figure 6 i-E curves for HER on pc-Pt electrode in (A) 0.5
mol-L"and (B) 0.05 mol-L" H,SO, recorded using CHI 760E
and Autolab 302N potentiostats. The R, zs values of 5.2 ) (A)
and 37.1 () (B) were measured using Autolab 302N potentiostat.
Curves were done with a 90% of R, gs compensation. Sensitivi-
ty: 0.01 A- V™. Scan rate: 10 mV-s™. (color on line)

AR AL S, DL A vl AN ) 52 56 22 6 A T
TR Z A B 2 5
4 45 it

AL Pt HLA b i ST RN R B, SR
CHI £ %115 f. {7 1Y 5 Autolab 302N f& HL ¥ , &
G SRR T kA, SR TR
R A M2 T 6 S 0 P ) A0 R A O i) R 2 56 45
WA RS, MG S SEINTT 0 TAEHMR S
Luggin B0 AR b [A] I 25 25 B 52 R, FEANRY
M) T A PR 3 T 7 FL O 0 A S B T AT T
7 S 3% — I S RS RAAIR R, KA (4 R Fi e e
RN ;0 CHI R A E B LAY F shxMzThiE
() L BB BRI AR R, 7T BB SC BB B B A A1,
HERRPEME LABRIE , 7RI RERT I 2 2% Hop Oy
s R A E TR AR IE, A #LEE CHI &
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Ohmic Drop Compensation in Electrochemical Measurement

Jia-Qi Chen, Xu-Xu Ye, Ling-Wen Liao, Zhen Wei, Mian-Le Xu, Yan-Xia Chen’
(Hefer National Laboratory for Physical Sciences at the Microscale, Department of Chemical Physics,
University of Science and Technology of China, Hefei, 230026, China)

Abstract: The solution resistance (R,) between the working electrode (WE) and the reference electrode (RE) may lead to signifi-
cant Ohmic drop (iR,) and deviation of actually applied potential at the WE to the desired ones in electrochemical measurement. In the
case of high current or large R,, iR, compensation is imperative. Errors associated with insufficient compensation of the iR, drop
may significantly affect the accuracy of data measured by conventional electrochemical methods, which may consequently result in
wrong judgment and conclusions. In this article, we discuss important factors which may affect the accuracy of iR, compensation as
well as ways how to eliminate such errors through examples. Since R, will be changed sensitively with the distance between the tip
of the Luggin capillary of the RE and the WE, it should always be kept at a fixed distance (usually as close to the surface of the WE
as possible but without affecting the behavior of electrode processes) during a set of measurements.

In addition to the structure of the cell (relative positions of WE and RE), the methods of measuring R,, current sensitivity for
recording data, percentage of R, compensation, and instruments could cause the result to be deviated from the actual value, which
are demonstrated by taken hydrogen evolution reaction on Pt electrode as model reactions measured using both CHI and Autolab
PGSTAT 302N potentiostats. Comparing the AC impedance method with the potential step method in the automatic compensation
function of CHI potentiostat, the R, measured by the potential step method was smaller than the R, measured by the AC impedance
method and the actual value. It is suggested to use the AC impedance method to measure R, input the resistance value manually
and complete the compensation by the instrument. Current sensitivity may limit the maximum R, to be compensated, hence, one
should select the right current sensitivity before recording data. In particular, when compensating by manual input using some types
of potentiostat, one should be aware that the software may show the completely compensated resistance, in reality, however, the part
of the resistance that exceeded the upper limit will not be compensated successfully. Furthermore, the percentage of R, compensa-
tion should be carefully optimized before carrying out the actual measurements, through comparing curves recorded with different
percentages of compensation. Moreover, the same compensation level but conducted with different instruments may lead to signifi-
cantly different results, using the same instrument in a series study is recommended to mitigate related errors. A set of strict com-
pensation standards applied to all instruments and electrochemical systems is difficult to be established. Hence, we suggest carrying
out some control experiments to optimize the iR, compensation before the actual measurements, and write in detail their compensa-

tion methods and parameters in the published results, especially the factors mentioned in this paper.

Key words: measurement; iR, compensation; STEP; EIS; sensitivity
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