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2018 SCORING GUIDELINES 

Question 6

A student sets up a galvanic cell at 298 K that has an electrode of Ag(s) immersed in a 1.0 M solution of 
Ag+(aq) and an electrode of Cr(s) immersed in a 1.0 M solution of cr3+(aq), as shown in the diagram above. 

(a) The student measures the voltage of the cell shown above and discovers that it is zero. Identify the 
missing component of the cell, and explain its importance for obtaining a nonzero voltage. 

The salt bridge is missing. The salt bridge allows for the 
migration of ions to maintain charge balance in each half-cell. 

1 point is earned for the correct 
answer and a valid explanation. 

Half-Reaction E (V) 

Ag+(aq) + e  Ag(s) +0.80 

Cr3+(aq) + 3 e  Cr(s) ? 



(b) The student adds the missing component to the cell and measures E 0 

cell to be+ 1.54 V. As the cell 

operates, Ag+ ions are reduced. Use this information and the information in the table above to do the 
following. 

(i) Calculate the value of E  for the half-reaction Cr3+(aq) + 3 e   Cr(s). 

0 Ecell = E E
red(cathode) - red

(anode)

+1.54 v = +0.80 v  x 

x = +0.80 V  (+1.54 V) = 0.74 V 

1 point is earned for a correct calculation of E 0 
red

(ii) Write the balanced net-ionic equation for the overall reaction that occurs as the cell operates. 

3 Ag+(aq) + Cr(s)  3 Ag(s) + cr3+(aq) 1 point is earned for the correctly balanced equation. 
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(iii) Calculate the value of G  for the overall cell reaction in J/molrxn. 

æ öG:) = 3 mole 
-

æ c J D - -nFE = ç96 485 (1 54ç ÷è 1 molwz ø è mole 
- c )

=  4.46  I 05 J/molrxn 

I point is earned for the correct 
calculation of the value of G. 
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Voltmeter 

Cr(s) Ag(s) 

6. A student sets up a galvanic cell at 298 K that has an electrode of Ag(s) immersed in a 1.0 M solution of·
Ag+(aq) and an electrode of Cr(s) immersed in a i.o M solution of cr3+(aq); as shown in the diagram above.

(a) The student measures the voltage of the cell shown above and discovers that it is zero. Identify the missing
component of the cell, -and explain-its importance for obtaining a nonzero voltage.

Half-Reaction E° (V) 

Ag+(aq) + e- ➔ Ag(s) +0.80

cr3+(aq) + 3 e- ➔ Cr(s) ?

(b) The student adds the missing component to the cell and ·measures E 11 to be + 1.54 V. As the cell operates,
Ag+ ions are reduced. Use this information and the information in the table above to do the following.

(i) -Calculate the value of E° for the half-reaction cr3+(aq) + 3 e- ➔ Cr(s).

(ii) Write the balanced net-ionic equation for the overall reaction that occurs as the cell operates.

(iii) Calculate the value of /:!..G0 for the overall cell reaction in J/molrx,, ·

a_. A ,\-  r,dc\ --- ,  tt-.\ ,  -\\-e-     lo,,o e.. oJi.al).)  U):i\'?"6
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Voltmeter

Cr(s) Ag(s)

6. A s_tudent s ts up; galvanic cell at 298 K that has an electrode of Ag(s) .immersed in  t.O M  9lution of 
Ag4(aq) and an electrode of Cr(s) itrunersed in a 1.0 M solutio  of Cr3+(aq); as shown in ·ihe ·dlagram, above.

' . . 

(a) The student measures the voltage of the c.ell shown above and discovers that ifls•zero. Ideiitify•tne missing. component of the cell, and expl$JtsJ.mp.oi:.tru!_ foL 0]2taj_ohig_a.nm.1z.em.yoltage .......- . .- .. 
Half-Reaction E°(V) 

Ag+(aq) +  - ➔ Ag(s) +0.80
cr3+(aq) + 3 e- ➔ ·cr(s) ? X O'l'AfrlV,/'l 

(b) The student adds ·the missing comp nent to the cell and mea0 ures Egel/ to be :rl.54 V. As the cell operates,
' Ag+ ·ions are1,i.:educep .. Use this·infor.inati o and the information in the table above to do the.following .. ... _______ 

(i) Calculat,e t e· value.of E° for the half-re!jction cr3+(aq) + 3 e- ➔ Cr( }
(ii) Write the b iinced net-ionic equation for the overaJl  eactit>n that occurs as the ·cell operates.

(iii) Calculate ·the value of /:iG . for the·overall cell reaction in J/molrxn ·
U0 A' s0i1±  y)· . i:S \i!AtSS:tj- ]00· fJRctY0 5 (e,\I\ Y\e\   t✓M5%we 
b .  -0\t1-hbV'S \tjrt1,o\J\t (}_ 5CA.\-\; hircdjre >'   (D-1.\StS i  "ft:>1,1J  of 

tb ,_   
c.\). 1-sttV   (j, O\j - E

0

c,' 

Ctu 
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Cr(s) 

Voltmeter. 

Ag(s) 

\P  
·•. Ag+(aq)

6. A stude t sets up a galvanic c ll at 298 K ·that has an electrode of Ag(s) immersed in a 1.0 M solution of
Ag'+(aq) and-  electrode of Cr(s) immersed in a 1.0 M solution of Cr3"'(aq), as shown in the diagram above.
(a) "{'he stµderit measures the voltage of the cell shown above and· discovers that it is zero. Iden.tify the missing

component of the cell, '.and explain its importance for obtaini'ng a nonzero voltage.

: Half-Reaction E° (V ) 
Agt(aq) + e- ➔ Ag(s) +0.80

. . 

c2+(aq) + 3 e- ➔ Cr(s) ? 

(b) 'The student adds the missi'ng component to the cell and measures Eiell to be +l.54 V. As the cell operates,
· Ag+ ions ·are· reduced. tJse this information a1_1d the iru;"ormation in the table above to do the fo_llowing.

•, 

(i)' Cfilculate ll'i!i value,of E° for the half-re ction cr3+(aq) + 3 e- ➔ Cr(s):
· (µ) Write- the balanced net-ionic equation for the ·overall teaction that occurs as the cell operates.
(iii) Calculate the_ value of /1G0 for th_e overall cell reaction in J/molrx" · 

(L\\ 

a ()OV"\ 2 e.Ko , > \i:a%'L . b(.. e. ·,\-  \ w-.s, -J  <>ttf\Q.v"'  
 N\   J.;. \ o Vv   <.,\e c..,-\-rof\  . i · .. ·.

D. '1,
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Question 6 

Overview 

This question required students to identify that the salt bridge was missing and to articulate its role in a standard 

galvanic cell. They then needed to calculate the standard reduction potential of the anode, given the cathode 

potential and the overall cell potential. Students were asked to write the balanced net-ionic equation for the 

overall reaction and then to calculate the standard Gibbs free energy change for the overall cell reaction. 

In part (a) a schematic drawing of an electrochemical cell was provided, with the salt bridge omitted. The 

question asked students to identify the missing component of the cell and to explain its importance for obtaining 

a nonzero voltage (LO 3.12; SP 2.2, 2.3, 6.4). A correct response to this question required identification of the 

missing salt bridge and a discussion of its role in allowing for the migration of ions between half-cell 

compartments. This component is necessary to maintain charge balance during the operation of the cell. 

In part (b)(i) students were asked to calculate the value of E for the standard reduction of 3+ Cr  (LO 3.13; SP  5.1). 

The question indicated that +Ag  ions are reduced, so students needed to deduce that chromium is oxidized in the 

overall cell reaction. In part (b)(ii) the question required the chromium and silver half-reactions from the data 

table to be combined into a balanced chemical equation appropriate for a galvanic cell (LO 3.2; SP 1.5, 7.1). 

Finally, in part (b)(iii), the students were asked to calculate the standard Gibbs free energy change for the overall 

cell reaction (LO 5.14; SP 2.2). 

Sample: 6A  

Score: 4 

In part (a) the student states that the salt bridge “allows cations to flow to the cathode and anions flow to the 

anode” and discusses how this maintains “electric neutrality.” These statements cover the basic elements of 

“migration of ions” and maintaining “charge balance” expressed in the rubric; thus, 1 point was earned. In part 

(b)(i) the student correctly calculates the value of E  red for the chromium half-cell reaction and earned 1 point. In 

part (b)(ii) the student correctly balances the equation, and 1 point was earned. In part (b)(iii) the student correctly 

calculates the value of G and  earned 1 point. 

Sample: 6B  

Score: 2 

In part (a) the student does not address the migration of ions in the salt bridge, only the transfer of electrons 

between solutions. Because the question pertains to the salt bridge, and electrons do not migrate through the salt 

bridge, no point was earned. In part (b)(i) the student correctly calculates the value of E  red for the chromium half-

cell reaction and earned 1 point. In part (b)(ii) the student correctly balances the equation and earned 1 point. In 

part (b)(iii) the student’s calculation of G is off by a factor of 10; thus, no point was earned. 

Sample: 6C  

Score: 1 

In part (a) the student erroneously states that the salt bridge “allows the exchange and flow of electrons,” rather 

than ions, and does not address the migration of ions in the salt bridge, so no point was earned. In part (b)(i) the 

student correctly calculates the value of E  red for the chromium half-cell reaction, and 1 point was earned. In 

part (b)(ii) the student misidentifies the oxidation and reduction half-reactions and also does not correctly balance 

the species in the equation, so the point was not earned. In part (b)(iii) the student incorrectly identifies the 

number of moles of electrons transferred in the reaction as n = 2, so no point was earned. 
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