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AP® Chemistry 2021 Scoring Guidelines

Question 1: Long Answer 10 points
(a) For the correct expression: 1 point
K - [H,0"][HCOO™]
¢ [HCOOH]
(b) For the correct calculated concentration of H;O™: 1 point
HCOOH + H,0 & H,0" + HCOO
1 0.25 0 0
c —x +x +x
E 0.25-x X X
2
+ -4 X
Let [H,O"] = x, then 1.8x107" = ———
(0.25-x)
2
Assume x << 0.25, then 1.8x107* = & = x=0.0067 M
For the correct calculated value of pH: 1 point
pH =—log[H,0"] = —10g(0.0067) = 2.17
Total for part (b) 2 points
(c) For the correct diagram: 1 point
. ﬁ:
H—C—O—H
(d) (i) For the correct balanced equation (state symbols not required): 1 point
H,NNH, (aq) + HCOOH(aq) — H,NNH," (ag) + HCOO™ (aq)
(ii) For the correct answer and a valid justification: 1 point
Acidic. The K, of H-NNH;" is greater than the Kj, of HCOO™, so the production of H;O" (aq)
occurs to a greater extent than the production of OH (aq).
Total for part (d) 2 points
(e) For the correct answer and a valid justification: 1 point

Accept one of the following:

e Yes. The oxidation number of hydrogen changes from +1 in HCOOH to zero in H,.
o Yes. The oxidation number of carbon changes from +2 in HCOOH to +4 in CO,.
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® For the correct calculated value of the pressure of CO; (may be implicit): 1 point
24 atm total x I atm CO,/ 2 atm of product = 12 atm CO,
For the correct calculated number of moles of CO»: 1 point
PV =nRT
P 12 atm)(4.3 L
w2V _ (2 atm)(#3 L) ~2.1mol CO,
RT (0.08206 L atm mol™ K™)(298 K)
Total for part (f) 2 points
(2) For the correct answer and a valid justification: 1 point

It would remain the same. In a catalyzed reaction the net amount of catalyst is constant.

Total for question 1 10 points
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Sample 1A 1 0of 3

Begin your response to QUESTION 1 on this page.

CHEMISTRY
SECTION I
Time—1 hour and 45 minutes

7 Questions
YOU MAY USE YOUR CALCULATOR FOR THIS SECTION.

Directions: Questions 1-3 are long free-response questions that require about 23 minutes each to answer and are
worth 10 points each. Questions 4-7 are short free-response questions that require about 9 minutes each to answer
and are worth 4 points each,

For each question, show your work for each part in the space provided after that part, Examples and equations may
be included in your responses where appropriate. For calculations, clearly show the method used and the steps
involved in arriving at your answers. You must show your work to receive credit for your answer. Pay attention to

significant figures.

HCOOH(aq) + H,0(l) 2 H;0%(ag) + HCOO (ag) K, =18x107*

1. Methanoic acid, HCOOH, ionizes according to the equation above.
(a) Write the expression for the equilibrium constant, K, for the reaction.
[Hso*_] [Heo a‘_‘!
© [Kcoow]

K

(b) Calculate the pH of a 0.25 M solution of HCOOH.

HCO0OH + Hyo = H30% 4 Heow™

LS o °
€ - x + X +¥
3 2S5 ~x x '
. 2 H=-I (Hye']
Ka=l.8xt00"" - ...i;_-—... P _=_,: (.0067T()
o e

E i-va-, = 5;;7.

Xz, 0007 m
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Sample 1A 2 of 3

Continue your response to QUESTION 1 on this page.

(¢) In the box below, complete the Lewis electron-dot diagram for HCOOH. Show all bonding and nonbonding
valence electrons.

H,NNH,(aqg) + H,O(l) 2 H,NNH;"(ag) + OH (ag) K, =13x 1075

(d) In aqueous solution, the compound H,NNH, reacts according to the equation above. A 50.0 mL sample of
0.25 M HyNNH,(aq) is combined with a 50.0 mL sample of 0.25 M HCOOH(ag).

(i) Write the balanced net ionic equation for the reaction that occurs when HNNH, is combined
with HCOOH.

HCLOOH + HaNNH, —> (00U~ + H,NNHz?

(ii) Is the resulting solution acidic, basic, or neutral? Justify your answer.

per o, [ C00OH™ La fr B HNNHH

e . -4 -
™ L 6 Seyn™"! Ixto™® 7. T*!(0 !
| .gxio T T

The resvlfing Solubmn will be adldie Sivee he
(Mpgate  acdd of HyNNH, IS & Stromyer
e e omjvyd-e bage of HCoOH becavse

W has o lovger & valve, So hat witl pe 4 W/gletn
g [H*]
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Sample 1A 3 of 3

Continue your response to QUESTION 1 on this page.

When a catalyst is added to a solution of HCOOH(agq), the reaction represented by the following equation

occurs. HCOOH(aq) — Hy(g) + CO,(g)

(e) Is the reaction a redox reaction? Justify your answer.

Yes, siwce ML ovidaton Avwber3 of snme elewarts
Arause . ijaFﬂmii- o 0.

2
B

Total Pressure (atm)

Time (hours)

(f) The reaction occurs in a rigid 4.3 L vessel at 25°C, and the total pressure is monitored, as shown in the
graph above. The vessel originally did not contain any gas. Calculate the number of moles of CO,(g)
produced in the reaction. (Assume that the amount of CO,(g) dissolved in the solution is negligible.)

Twbsel = Py ¥ Poy LU [2 = 12udbwn 2 Pey,
(12 )(4-3)=n(.08100)(254275)

Nn= L.l ol

L‘?.-l WH’H

(g) After the reaction has proceeded for several minutes, does the amount of catalyst increase, decrease, or
remain the same? Justify your answer.

The asumsnt of e c,a:f'd'ffﬁ" réevaalns fie §amce leecase

a catalyst Is :VIM‘ Consomaed W{WJJM by &ﬂr‘m“ av
I 15 comSwmtd amd poduced in o L] ratn o 5 amint Stays cousant,

Unauthorized copying or reuse of this page is illegal. Page 4 GO ON TO THE NEXT PAGE.




Sample 1B 1 of 3

Begin your response to QUESTION 1 on this page.

CHEMISTRY
SECTION I
Time—1 hour and 45 minutes

7 Questions
YOU MAY USE YOUR CALCULATOR FOR THIS SECTION.

Directions: Questions 1-3 are long free-response questions that réquire about 23 minutes each to answer and are
worth 10 points each. Questions 4-7 are short free-response questions that require:about 9 minutes each to answer
and are worth 4 points each.

For each question, show your work for each part in the space provided after that part. Examples and equations may
be included in your responses where appropriate. For calculations, clearly show the method used and the steps
involved in arriving at your answers. You must show your work to receive credit for your answer. Pay attention to

significant figures.

HCOOH(aq) + HyO(I) 2 Hy0"(aq) + HCOO™(ag) K, =1.8x107*

1. Methanoic acid, HCOOH, ionizes according to the equation above.

(a) Write the expression for the equilibrium constant, K, for the reaction.

K, =
[HeooH]

(b) Calculate the pH of a 0.25 M solution of HCOOH. _

CHO= Oz HEoHHR0 2 Hy0™4AC00

o om |\ /1.0 |5
hges “2@) padil v
' 025 h
. 0.25 \ )(\ X
5~
‘(B;,‘OK00(77 1g(0.0067) ZoH =2\
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Sample 1B 2 of 3

Continue your fesponse to QUESTION 1 on this page.

(c) In the box below, complete the Lewis electron-dot diagram for HCOOH. Show all bonding and nonbonding
valence electrons.

|

) 207

¥ \

40 H—-C -—g—-H
17

£ 4O

v}

H,NNH;(ag) + H,0(/) 72 H,NNH;*(ag) + OH (aq) K, =13x10°°

(d) In aqueous solution, the compound H,NNH, reacts according to the equation above. A 50.0 mL sample of
0.25 M H,NNH (aq) is combined with a 50.0 mL sample of 0.25 M HCOOH (agq).

(i) Write the balanced net ionic equation for the reaction that occurs when H,NNH, is combined

with HCOOH. HNVH, («0) 4 HlooH (ng)) = H, ""H:MH(

/-

(ii) Is the resulting solution acidic, basic, or neutral? Justify your answer.

The f&l‘fr’qg Sogvf.'u" > :

_amb;,".“. b'm h equmsins
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Sample 1B 3 of 3

Continue your response to QUESTION 1 on this page.

When a catalyst is added to a solution of HCOOH(agq), the reaction represented by the following equation

occurs. HCOOH(ag) — H,(g) +CO,(g)

(e) Is the reaction a redox reaction? Justify your answer.
This 5 MT w [edgx  Yedahn
becasse hydogts A€ GumPly W#

1,]1‘ {eaction ].e) ne? fﬂ"ftﬁn b Stanécs -
thpr 1€IE~0r-0R\ze  @a1ch Ot1he,

p ) S

Total Pressure (atm)

Time (hours)

() The reaction occurs in a rigid 4.3 L vessel at 25°C, and the total pressure is monitored, as shown in the
graph above. The vessel originally did not contain any gas. Calculate the number of moles of CO,(g)
produced in the reaction. (Assume that the amount of CO,(g) dissolved in the solution is negligible.)

\/:ﬂp'T
If'- \\ N 254279
2y 7\ 008706

¥ —
n_cﬂl(li) ZIHZ ptes
™ (298)(0082K)

(g) After the reaction has proceeded for several minutes, does the amount of catalyst increase, decrease, or
remain the same? Justify your answer. The o ; df Cﬂfd‘!’f)f " i“
renay) e Sadle, eavs< ot
Wit offers s o peowel N

% |,' s 1 {’s'nd'
‘l:ot’:,w oA> iGO gﬂ TO THE NEXT PAGE.
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Sample 1C 1 of 3

Begin your response to QUESTION 1 on this page.

CHEMISTRY
- SECTION I
Time—1 hour and 45 minutes
7 Questions

YOU MAY USE YOUR CALCULATOR FOR THIS SECTION.

Directions: Questions 1-3 are long free-response questions that require about 23 minutes each to answer and are

worth 10 points each. Questions 4-7 are short free-response questions that require about 9 minutes each to answer
and are worth 4 points each.

For each question, show your work for each part in the space provided after that part. Examples and equations may
be included in your responses where appropriate. For calculations, clearly show the method used and the steps
involved in arriving at your answers, You must show your work to receive credit for your answer, Pay attention to
significant figures.

Yy SOl a\ P i A 74 .
HCOOH (ag) + H,0(1) 2 H;0"(ag) +'HCOO (ag) K, =18x 107
1

1. Methanoic acid, HCOOH, ionizes according to the equation above.

(a) Write the expression for the equilibrium constant, K, for the reaction.

Tueigser oot (1] (0]
=3 ﬁﬁ]

( Heoon]

(b) Calculate the pH of a 0.25 M solution of HCOOH.

~ Hieod
! .15 o @
(8 -y 4r ¥
E 15 - x L
% 2\l r = 007

tu-, ~I¢Bf..0°‘-ﬂ '=-M 2.2
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Sample 1C 2 of 3

Continue your response to QUESTION 1 on this page.

LR T
(¢) In the box below, complete the Lewis electron-dot diagram for HE‘OGH. Show all bonding and nonbonding
valence electrons.

Van o
z8
3t
=S
‘O -
\
- g g
o H -C,'O‘H
\ | :;
et v
'J\ - L A -6/'5
HyNNH,(ag) + H,0(l) & H,NNH;*(ag) + OH (aq) Kp=13x10"°

(d) In aqueous solution, the compound H, NNH,. reacts according to the equation above, A 50.0 mL sample of
0.25 M H,NNH,(aq) is combined with a 50.0 mL sample of 0.25 M HCOOH(aq).
]

P05 el
(i) Wﬁte the balanced net ionic equation for the reaction that occurs when HyNNH; is combined
with HCOOH.

H MMM, + HCOOH - MorNNEOOR™  HNNH, cooHy

(ii) Is the resulting solution acidic, basic, or neutral? Justify your answer.

Tue sl aslahina 3 nenhwl becanse oo  eqnimaler

et ol b kb 2cd 7 by ¢

welen . e remulbn pH newhmal .
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Sample 1C 3 of 3

Continue your response to QUESTION 1 on this page.

When a catalyst i§ added to a solution of HCOOH(ag), the reaction represented by the following equation

occurs. HCOOH(ag) - Hy(g) +CO,(g)

() Is the reaction a redox reaction? Justify your answer.

“b,hﬂr ovidahor numbin de ol t.ko--r. H-ﬂﬂb-* e tnchon,

®

Total Pressure (atm)

Time (hours)

(f) The reaction occurs in arigid 4.3 L vessel at 25°C, and the total pressure is monitored, as shown in the
graph above. The vessel originally did not contain any gas. Calculate the number of moles of CO,(g)
produced in the reaction. (Assume that the amount of CO,(g) dissolved in the solution is negligible.)
N = __— T-21% R .o8100
M H“n‘\ ?12“ qf.qUS'

iz ot Y :1'\
(24U = ﬂ(.osuu\uu\ @/' |

(g) After the reaction has proceeded for several minutes, does the amount of catalyst increase, decrease, or’
remain the same? Justify your answer.

Tie  cabulyat Wl aok be waed wp oM Ve B rtadhids ae
beflered b o reasken shops, o salys will Sk
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AP® Chemistry 2021 Scoring Commentary

Question 1
Note: Student samples are quoted verbatim and may contain spelling and grammatical errors.

Overview

Question 1 presents a suite of questions on the reactions and structure of methanoic acid, HCOOH. Part (a)
asks the student to write the equilibrium constant expression for the acid ionization reaction of HCOOH. This
question addresses Learning Objective SAP-9.C and Science Practice 5.B from the AP Chemistry Course and
Exam Description. The K, expression is used in part (b) to calculate the pH of a solution of HCOOH of known
concentration. Two points are possible: one for determining the concentration of H;O* (SAP-9.C, 5.A) and one
for the correct pH (SAP-9.C, 5.F). Part (c) then asks for a drawing of the complete Lewis diagram for HCOOH
(SAP-4.A, 3.B).

Methanoic acid reacts with hydrazine (H,NNH.) in an acid-base reaction that the student must describe with a
net ionic equation in part (d)(i) (TRA-1.B, 5.E). In part (d)(ii), the student determines whether the resulting
solution is acidic, basic, or neutral and explains why (SAP-9.D, 6.D).

Methanoic acid also undergoes a decomposition reaction in the presence of a catalyst. In part (e), the student
must determine, with evidence, if it is a redox reaction (TRA-2.A, 6.D). The Hx(g) and CO,(g) products increase
the total pressure inside the reaction vessel, as shown in a graph. The student needs to calculate the total
number of moles of CO; produced in the reaction in part (f). This part is worth two points: one for the correct
pressure of CO, (SPQ-4.A, 5.F), and one for the correct number of moles of CO, (SAP-7.A, 5.F). As a follow-up,
part (g) asks about how (if at all) the amount of catalyst changes as the reaction proceeds (ENE-1.A, 1.B).

Sample: 1A
Score: 10

This response earned 10 points. In part (a) 1 point was earned for the correct K, expression. Part (b) earned

2 points; the first point was earned for the correct [H;0*] with work and the second point was earned for the
correct pH. Part (c) earned 1 point for the correct Lewis diagram. Part (d)(i) earned 1 point for the correct net
ionic equation. Part (d)(ii) earned 1 point for correctly stating that the solution is acidic, with correct
justification. Part (e) earned 1 point for correctly stating that this is a redox reaction and justifying the answer
in terms of oxidation numbers. Part (f) earned 2 points; the first point was earned for the correct
stoichiometry/partial pressure of CO; and the second point was earned for correctly calculating the number of
moles of CO; using the ideal gas law. Part (g) earned 1 point for correctly stating that the amount of catalyst
remains the same, with valid justification.

Sample: 1B
Score: 7

This response earned 7 points. In part (a) 1 point was earned for the correct K, expression. Part (b) earned

2 points; the first point was earned for the correct [H30*] with work and the second point was earned for the
correct pH. Part (c) earned 1 point for the correct Lewis diagram. Part (d)(i) earned 1 point for the net ionic
equation. Part (d)(ii) earned 0 points for incorrectly stating that the solution is neutral. Part (e) earned 0 points
for incorrectly stating that this is not a redox reaction. Part (f) earned 1 point; the first point was not earned
because the stoichiometry/partial pressure of CO; is not addressed but the second point was earned for
correctly calculating the total moles of gas (consistent with the incorrect partial pressure of CO;) using the
ideal gas law. Part (g) earned 1 point for correctly stating that the amount of catalyst remains the same, with
valid justification.

© 2021 College Board.
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Question 1 (continued)

Sample: 1C
Score: 4

This response earned 4 points. In part (a) 0 points were earned due to the omission of “K, =" or “1.8 x 10 =",
Part (b) earned 2 points; the first point was earned for the correct [H;O*] with work and the second point was
earned for the correct pH. Part (c) earned 1 point for the correct Lewis diagram. Part (d)(i) earned 0 points for
an incorrect net ionic equation. Part (d)(ii) earned 0 points for incorrectly stating that the solution is neutral.
Part (e) earned 0 points for incorrectly stating that this is not a redox reaction. Part (f) earned 1 point; the first
point was not earned because the stoichiometry/partial pressure of CO; is not addressed, and the second point
was earned for correctly calculating the total number of moles of gas using the ideal gas law. Part (g) earned

0 points because the response includes an invalid justification.

© 2021 College Board.
Visit College Board on the web: collegeboard.org.


https://collegeboard.org

	AP® Chemistry Sample Student Responses and Scoring Commentary
	Sample 1A 
	CHEMISTRY SECTION II 
	YOU MAY USE YOUR CALCULATOR FOR THIS SECTION. 

	Sample 1B
	CHEMISTRY SECTIONll 
	YOU MAY USE YOUR CALCULATOR FOR TBlS SECTION. 

	Sample 1C
	CHEMISTRY SECTIONll 
	YOU MAY USE YOUR CALCULATOR FOR THIS SECTION. 

	Question 1 
	Overview 
	Sample: 1A 
	Sample: 1B 
	Sample: 1C 





