AP® CHEMISTRY
2010 SCORING GUIDELINES (Form B)

Question 3
(10 points)

A sample of ore containing the mineral tellurite, TeO,, was dissolved in acid. The resulting solution was then
reacted with a solution of K,Cr,0O, to form telluric acid, H,TeO,. The unbalanced chemical equation for the
reaction is given below.

... TeO,(9 + ...Cr,0%(ag) + ...H*(ag) — ...H,TeO,aq) + ...Cr¥(aq) + ...H,0O(l)

(a) Identify the molecule or ion that is being oxidized in the reaction.

TeO, or Te™ One point is earned for correct identification of molecule or ion.

(b) Give the oxidation number of Cr inthe Cr,0,% (aq) ion.

+6 One point is earned for the correct answer.

(c) Baance the chemical equation given above by writing the correct lowest whole-number coefficients on
the dotted lines.

3TeO,(s) + 1Cr,0,%(aq) + 8H*(aq) — 3H,TeO,(aq) + 2Cr¥(aq) + 1 H,O(l)

One point is earned for either

(1) two correct balances among Cr, H, O, charge, and Te vs. Cr,0,2 (for balancing by inspection or
oxidation number method)
OR

(2) one correct half reaction or use of the correct multiplier to balance the charge (for balancing by
half-reaction method).

One additional point is earned for a correctly balanced equation.

In the procedure described above, 46.00 mL of 0.03109 M K,Cr,0O, was added to the ore sample after it
was dissolved in acid. When the chemical reaction had progressed as completely as possible, the amount of
unreacted (excess) Cr,0,% (aq) was determined by titrating the solution with 0.110 M Fe(NO,),. The
reaction that occurred during the titration is represented by the following balanced equation.

6 Fe?*(aq) + Cr,0,2 (ag) + 14 H*(ag) — 2 Cr3*(aqg) + 6 Fe**(aq) + 7 H,0(1)

A volumeof 9.85mL of 0.110 M Fe(NO,), was required to reach the equivalence point.
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AP® CHEMISTRY
2010 SCORING GUIDELINES (Form B)

Question 3 (continued)

(d) Calculate the number of moles of excess Cr,0,% (aq) that was titrated.

By the stoichiometry of the titration reaction,
moles of excess Cr,0,%" titrated

6
(%) (0.00985 L)(0.110 mol Fe(NO5), L)

0.000181 moal

= (1) mol Fe* in9.85 mL of 0.110 M Fe(NOy),

One point is earned for either the correct
stoichiometric factor OR correct use
of (0.00985)(0.110) factor.

One point is earned for the correct numerical
answer with the correct number of
significant figures.

(e) Calculate the number of moles of Cr,0,2(aq) that reacted with the tellurite.

moles Cr,0,? that reacted with TeO,

One point is earned for
correct calculation of
initial moles of

total mol Cr,0,% added — excessmol Cr,O,% titrated dichromate ion.
(0.04600 L)(0.03109 mol Cr,0,# L) — excessmol Cr,O,* titrated | one point is earned for
0.001430 mol — 0.000181 mol = 0.001249 mol Cr,0,% correct numerical answer

with correct number of
significant figures.

(f) Caculate the mass, in grams, of tellurite that was in the ore sample.

mass of TeO, insample

0.001249 mol Cr,0,* x 3mol TeO,

15969 TeO

One point is earned for appropriate
use of the stoichiometric factor
OR

2 for correct calculation of

1mol Cr,0,%

0.5980 g

1mol TeO,

molar mass of TeO.,.

One point is earned for the
correct numerical answer.
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3. A sample of ore containing the mineral tellurite, TeO, , was dissolved in acid. The resulting solution was then !
reacted with a solution of K,Cr,0; to form telluric acid, H,TeO, . The unbalanced chemical equation for the -
reaction is given below.

+4

3. TeOys) + . ). Cr207 ~(ag) + .B.H*ag) — .3. H2T604(aq) + 2 C13+(aq) + -H,00)
(a) Identify the molecule or ion that i is being oxidized in the reactxon
(b) Give the oxidation number of Cr in the Cr,0,% (ag) ion.

(c) Balance the chemical equation glven above by wntmg the correct lowest whole-number coefficients on the
dotted lines.

In the procedure described above, 46.00 mL of 0.03109 M K,Cr,0, was added to the ore sample after it
was dissolved in acid: When the chemical reaction had progressed as completely as possible, the amount of
unreacted (excess) Cr2072"(aq) was determined by titrating the solution with 0.110 M Fe(NO;), . The
reaction that occurred during the titration is represented by the following balanced equation.

6 Fe**(ag) + Cr,0,*(ag) + 14 H*(ag) — 2 Cr**(ag) + 6 Fe**(ag) + 7 H,O()
A volume of 9.85 mL of 0.110 M Fe(NO,), was required to reach the equivalence pomt.
(d) Calculate the number of moles of excess Cr,0,2 (aq) that was titrated.
(e) Calculate the number of moles of Cr2072‘(dq) that reacted with the tellurite.

(f) Calculate the mass, in grams, of tellurite that was in the ore sample.

¥o

@ TeO; lud being Oxidind -

(5) Cr?_ O:’ll_
2(%) 4 3{-2) =2
9-1'—!‘1} = -2

2x = =24 14 = 12

X = +6

;; Oxidafion Neunkor fo Cr (crp;’ ls +&

GO ON TO THE NEXT PAGE.
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- ADDITIONAL PAGE FOR ANSWERING QUESTION 3

(C) T&O?_ =4 i ”‘20 — H—)_T O\., ‘-Li 2 'ZH-+ e ‘Z.Qg

. . 2t L 3 H/,0

=

e . -

A TO, e 2 O 4t
= T ] = = - 1y / A

- P ) ml‘ 3
G HT o Cro®y™ (6”5 2Cr%* | 38,0

L 3TeO; + CraO3* L gHT — 3H2TeOy + 2043+ Hioj

()  9-85mL Fe(noy), x ‘., oruomolfelnes) .(M,;,;* timo ) 005

(860 wmi L« - \MO‘FC(NO’)’-‘M’\Q, Fe It

= 18] xto™F moy Cry0g"  (hbntd).

(2 ©-°3109 melKeCri03 v gg.00mt y & - “‘-t")oX\b—z mol Crl@:glﬁ
Le ‘000w\L_
__ v - o -
(£L__1-430 xis 3 o Cr, Oy x. 3™ I» Te%. = 4:290 X15 o TeO,
' [we] Cra0q™" '

g.iﬁgﬁ(éﬂ o] ¥ ii?:.}.su +\6x7,)<3: 04848 g Te O,
\wae |

STOP

If you finish before time is called, you may check your work on this part only.
Do not turn to the other part of the test until you are told to do so.
-17-
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3. A sample of ore containing the mineral tellurite, TeO,, was dissolved in acid. The resulting solution was then !

 reacted with a solution of K,Cr,0; to form telluric acid, H,TeO, . The unbalanced chemical equatlr ion for the -
reaction is given below. a1 vardiiecl

... TeOy(s) + ...Cr,0%(aq) + ...H*ag) —> ...H,TeOag) + .7 C**(ag) + .~.H,00)
(a) Identify the molecule or ion that is being oxidized in the reaction.
(b) Give the oxidation number of Cr in the Cr,0,2~(ag) jon.

(c) Balance the chemical equation given above by writilul'grt'he correct lowest whole-number coefficients on the
dotted lines. - o

In the procedure described above, 46.00 mL of 0.03109 M K,Cr,0; was added to the ore sample after it
was-dissolved in acid. When the chemical reaction had progressed as completely as possible, the amount of

unreacted (excess) C1'2072“(aq) ‘was determined by utmung the solution with 0.110 M Fe(NO3), . Th¢
reaction that occurred during the titration is represented by the following balanced equation.

6 Fe**(ag) + Cr,0,%(ag) + 14 H'(ag) — 2 Cr¥*(ag) + 6 Fe*(aq) + 7 H,0(])
A volume of 9.85 mL of 0.110 M Fe(NO;), was required to reach the ecjuivalence point.
(d) Calculate the number of moles of excess }C_rzqf‘_‘.ggg)_ _that was titrated. -

(e) Calculate the number of moles of Cr2072‘(dq)_ that reacted with the tellurite.

(f) Calculate the mass, in grams, of telluritb that was in the ore sample.

(o) & &

(10) ovidarov nuwmverof G s §. in Ca0% iown

() Te0, + CA.OY «+ 1217 — H2TeO, + 267 + SH.O

Cd) NEeoy, = 0.00085 L X 0.11op) = 0.0010¥ more Fe(NO3).

O.0010€mal Fe(N03)z 1Mo\ (r,07 = ©.0001@1 Mol Cro0%

VAY

‘ LMQ\ FQ’)’+

(Q) inihiad humolc of moes of (07 before veathow with +elurite
1 6 owbLX 0.03109 M = 0-001\43 mole (0%

it ol Nurvieer of mags of (05 — oS tharwars ¥ ti+rated
= humber of molerof (r, 05 Hiat reacted wits tellurite

~— 0.001%3mol — O. boolf o)
= 0.001249 mo) 4 Cr,05

GO ON TO THE NEXT PAGE.
-16- .
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(<) O_OQ\)_\.}q WO\ C(IO-.;_'- X \mq\ TeQ2 v (3.6 12)q Te Qo

T

o) (05 lmol Te Oz

STOP

If you finish before time is called, you may check your work on this part only.
Do not turn to the other part of the test until you are toid to do so.

-17-

© 2010 The College Board.
Visit the College Board on the Web: www.collegeboard.com.



3¢,

3. A sample of ore containing the mineral tellurite, TeO, , was dissolved in acid. The resulting solution was then
reacted with a solution of X,Cr,0; to form telluric acid, HzTeO4 The unbalanced chemical equation for the -
reaction is given below.

«‘* %

TeOz(s) +...C,0%(ag) + ...H'@ag) — ...H,TeO,(aq) + ...Cr**(aqg) + ...H,0()
(a) Identify the molecule or ion that is being oxidized in the reacﬁcn’.
(b) Give the oxidation number of Cr in the Cr,0,% (ag) ion.

(c) Balance the chemical equation given above by writing the correct lowest whole-number coefficients on the
dotted lines.

In the procedure described above, 46.00 mL of 0.03109 M K,Cr,0; was added to the ore sample after it
was dissolved in acid. When the chemical reaction had progrcssed as completely as pbss1ble the amount of

reaction that occurred during the titration is represented by the following balanced equation.

6 Fez“(aq)_ +\Cr~2_047/"(_&q) +14H*(aq) — 2 Cr"*(aq) + 6 Fe**(ag) + 7 H0())
A volume of 9.85 mL of 0.110 M Fe(NO;), was required to reach the equivalence point.
(@) Calculate the number of moles of excess Cr2072‘(aq) that was titrate‘d.l

(¢) Calculate the number of moles of Cr,0,27(ag) that reacted with the tcllurig}..

(f) Calculate the mass, in grams, of tellurite that was in the ore sample.

d. 9.8S = O.00&SL

N Y OO\Och\g JFe

b Q,Og_\gggsjé = !;'%UQU f m{J oF C"zOZ—

€. O 0y, 01z A

GO ON TO THE NEXT PAGE.
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3.

Q.

Oxidized: ot Egcion

Ce0 8 eins Oxidized

bc C\f; Q—;I-
D=2

5 X7 =14

2x ¥y (MY =-2

R

»=0

T TeO.r Ce0; AL\W—? HJQQ%»%C“D.HO

STOP

If you finish before time is called, you may check your work on this part only.
Do not turn to the other part of the test until you are told to do so.
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Question 3

Sample: 3A
Score: 9

This response earned 9 of the possible 10 points: 1 point for part (a), 1 point for part (b), 2 points for part (c), 2
points for part (d), 1 point for part (e), and 2 points for part (f). In part (e) the first point was earned for
determining the initial number of moles of dichromate ion, but the second point was not earned because the
student does not apply the subtraction step to calculate the number of moles of dichromate reacted. In part
(f) 2 points were earned for the consistent application of the value calculated in part (e) to calculate the mass
of TeO, in the ore sample.

Sample: 3B
Score: 7

This response earned 7 of the possible 10 points. In part (a) the point was not earned because the student
incorrectly indicates that Te was oxidized (with no indication anywhere of its +4 oxidation state). In part (b)
the point was not earned because the student incorrectly calculates the oxidation number of chromium as
+8. In part (c) 1 of the possible 2 points was earned for correctly balancing the redox equation by atoms only,
not by charge. In part (f) 2 points were earned because the student correctly uses the ratio of moles of TeO,

to moles of Cr,0,?" that is consistent with the incorrectly balanced equation in part (c).

Sample: 3C
Score: 4

This response earned 4 of the 10 possible points. In part (a) the point was not earned because the student
incorrectly indicates that Cr,0.,%~ was oxidized. In part (b) 1 point was earned because the student correctly
calculates the oxidation number of chromium as +6. In part (c) the points were not earned because the
student does not balance the redox equation by mass or charge. In part (d) 2 points were earned for the
correct calculation of the number of moles of excess Cr,0,%". In part (e) the points were not earned because
the student makes a math error in attempting to calculate the initial number of moles of dichromate ion and
does not attempt to calculate the number of moles of dichromate reacted. In part (f) 1 point was earned for
correctly indicating the molar mass of TeO, .
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