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Question 1: Long Answer 10 points 
 
(a)  For the correct expression:  

3[H O ][HCOO ]
[HCOOH]aK

+

=  
−

1 point 

(b) For the correct calculated concentration of H3O+:  

               HCOOH   +   H2O   ←→       H3O+   +   HCOO– 

       I                     0.25                                0                 0 
    C               –x                               +x               +x 
    E           0.25 – x                            x                 x 
  

Let 3[H O ]+  =  x, then 
2

41.8 10
(0.25 )

x
x

−× =
−

   

Assume x << 0.25, then 
2

41.8 10
0.25
x−× =    ⇒   x = 0.0067 M 

1 point 

 For the correct calculated value of pH: 

3pH log[H O ] log(0.0067) 2.17+= − = −  =

1 point 

 Total for part (b) 2 points 

(c)  For the correct diagram:  

 

1 point 

(d) (i)  For the correct balanced equation (state symbols not required):  
+

2 2 2 3H NNH ( ) HCOOH( ) H NNH ( ) HCOO ( )aq aq aq aq−+ → +  

1 point 

 (ii)  For the correct answer and a valid justification: 

Acidic. The Ka of H2NNH +
3  is greater than the Kb of HCOO−, so the production of H3O+(aq) 

occurs to a greater extent than the production of OH−(aq). 

1 point 

 Total for part (d) 2 points 

(e) For the correct answer and a valid justification:  

Accept one of the following: 

• Yes. The oxidation number of hydrogen changes from +1 in HCOOH to zero in H2. 
• Yes. The oxidation number of carbon changes from +2 in HCOOH to +4 in CO2. 

1 point 
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 (f)
  

For the correct calculated value of the pressure of CO2 (may be implicit):  

24 atm total × 1 atm CO2 / 2 atm of product = 12 atm CO2 

1 point 

 For the correct calculated number of moles of CO2: 

PV = nRT 

21 1

(12 atm)(4.3 L) 2.1 mol CO
(0.08206 L atm mol  K )(298 K)

PVn
RT − −= = =  

1 point 

 Total for part (f) 2 points 

(g) For the correct answer and a valid justification:  

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

1 point 

 Total for question 1 10 points 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Sample 1A 1 of 3
5 \ 

Begin your response to QUESTION 1 on this pa
\I 

~e
' 

. ; 

CHEMISTRY 

SECTION II 

Tim&-1 holll' and 45 minutes 

7 Questions 

YOU MAY USE YOUR CALCULATOR FOR TlllS SECTION. 

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

   

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

(a) Write the expression for the equilibrium constant. K0 , for the reaction. 

k = ,._ 
[H 3o•] [~<.O o·] 

(1-t C. t> cH~ ] 

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

H c.OOH ♦ Hi o -: H1ot 

.1.S 

X 
0 

{. 
- )C .,. I( 

f ,l S-x I( 

'i ..,, l ko.. : , . 8 X IO - :: _,...._ 
.tS'~  . 

,f f,(C.OcJ 

c!) 

f- ..,, 

)( 

ri-t-= -10, tw,ot] 
~ -lo' (.oo<,11) 

L_?H : 'Z . I 7J 
w.s:., I c1 ·S : Jx "2. 

)(-: • 00<,7 ( f,A 

.

Unautllol1zed copyng or reuse of 1Ns page la Illegal. Page2 GO ON TO THE NEXT PAGE. 



Sample 1A 2 of 3
Continue your response 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. 

·o · . . 

II 
H-C-0-H 

  

(d) In aqueous solution, the compound H2NNH2 reacts according to the equation above. A 50.0 mL sample of 

0.25 M H2NNH (aq)2  is combined with a 50.0 mL sample of 0.25 M HCOOH(aq). 

(i) Write the balanced net ionic equation for the reaction that occurs when H2NNH2 is combined 
with HCOOH . 

  

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

~'9 ;S l!.e, ,;.., coo1-r IL"'- fvv t,. H1,JJ AI H3 r 
1¥.10-,1.f ~ e ,_ -11 

:. 7 · J "'~I~ 
I . ,S-)(10-'f 

) >c.to-1--f - ., 
= 7. 7...,.,0 

I • ~"'10·" 

1l-t.t- (C)3vlh~ SolvfrM w,1/ k ().,L,/cJ,,it, SI..,'-'~ 

l lVl)v"j ~ o...<J .L ~f- l,,f z J-,J tv I-( t.. [S ~ 51-r"~ 

~ flA..t.., UMjv 1 ~ ~ of UC.DO(...( ~'°'◄ 1s,t. 

H· ~ a... I~ >l- voJv~.1 Sc, ~ e,Jl/1 l,,c. ~ i.,,~ 
,u, e [H~]. 

Unau1hor11ed copying 0< r9US9 of 1111, page la Illegal. Page 3 GO ON TO THE NEXT PAGE. 

  

 



Sample 1A 3 of 3
Continue your response to QUESTION 1 on this page. 

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

occurs.   

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

1~5, Sl"'<L lt;..t., o\llW ,~ ,1c.1i,44K✓.S o.f St\M..c.. ~ 

~ - H , ,a Fm,,,, 1.- lo fl . 

·------------ -·~------

0------------nme (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 C02(g) 
produced in the reaction. (Assume that the amount of C02(g) dissolved in the solution is negligible.) 

?,.ml & pf.it .. P,o"L. 'Z.. '"( / '2. -:: I 'l.J- :: p L0 7.. 

4 f 11 ::. tit fl.. r 
( 12)( 41 -3) ~ n (.o ito"') ( t.~+in) 

VI=- i . ll/,4401 

l1. I ~ 11 { i 
(g) After the reaction bas proceeded for several minutes, does the amount of catalyst increase, decrease, or 
remain the same? Justify your answer. 

11,,c.o.. ~,v,,1f of _W.. ~+~y#Sr ~~~.J fkL S-c. fo<~-.-4<-
A. ~ Alyst- ls~ co-.;1Sv,...U ~ fvt>.LJ'-Ui --y 0,.. ~:"~~ 0 r 
Ji IS CM.S~ ~ ~wJ. '"" ~ 1: 1 f"t1.,,ffl .Jo /11 4ol04.N"4t ~1 lt~t". 

Unau1hollzed oopy1og or,_. ot Na page 1s 11ega1. Page 4 GO ON TO THE NEXT PAGE. 



Sample 1B 1 of 3
Begin your response to QUESTION 1 on this) pabe, 

CHEMISTRY 

SECTIONll 

~1 hour and 4! minutes 

7 Questions 

YOU MAY USE YOUR CALCULATOR FOR TBlS 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 ques1ions 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 pan. Examples and equations may 
be included in your responses where appropriate. For calculations, clearly show the method used and the steps 
involved in aniving at your answers. You must show your work to receive credit for your answer. Pay attention to 

significant figures. 

HCOOH(aq} + J½O(l) ~ H3ct"(aq} + Hco<r(aq} Ka = 1.8 x U,
4 

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

(a) Write the expression for the equilibrium ooostant. K0 , for the reaction. 

~ Hc.001( t-41
~ 

(HcooHJ -

k' · :: [ 0"1 .____ ______ _ 
(b) Calculate the pH of a 0.25 M solution of HCOOH. 

H(o:)'1 t \"i-zo H1 o.., -t ~coo 

4.c;~-5 : 'f:.' 
)<:: 0 . 00&7 

D o 
+'t 

)< '( 
\ 

_,., I o.ool.;,) :~ --:u] 

< 

lJnlluflol1zad copying or - of Ihle p,ge II llllglll. Page2 GO ON TO THE NEXT PAGE. 



Sample 1B 2 of 3
Continue· your;?esponse to QUES11ON 1 on this page. 

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

l 
1, 
-f6 
i (. 
-f q 
lf 

.. 'f('l.) --,o 

I •o•• · , " ,, 
H-C -~-H .. 

(d) In aqueous solution, the compound HzNNH2 reacts according to the equation above. A 50.0 mL sample of 

0.25 M H2NNH (aq)2  is combined with a 50.0 mL sample of 0.25 M HCOOH(aq). 

(i) Write the balanced net ionic equation for the reaction that occurs when HzNNH2 is combined 
with HCOOH. 1./ -I 

Hz N fl H~ ( "t) i . ~CoQH £1t~) ~ H:t JJU H1 ~)~ 

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

~ cop>YQ « - of 1111 P101 II 111111'· pages GO O.N TO TllE NEXT PAGE. 

  

 

 



Sample 1B 3 of 3
Continue your response to QUtSTION 1 on this page. 

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

occurs.   

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

i ~,~ 0 11o--r IA f e~ ~~
bcca.,}e 4y,-,~J ;tfL 51~PIJ 
t~~ (eet'"i•., lie) )f1'1 {b..,'4iYJ s,LSt.1<$ 
fv, re)ll(e. ~ t>'· o~~~ ~IJfc&, °'Ur. 

I 

 

./ 

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 CO2(g) 

produced in the reaction. (Assume that the amount of C02(g) dissolved in the solution is negligible.) 

fv= r1P..1 
I ~- \ \ '-1,-tz;; 

2,lf ,'J Otl)l20& .,. 

J~· "$)ll- ") :: l ~. -:t l't•le-S] 
fl_ {~~ixo,061°'1 

(g) After the reaction has proceeded for several minutes, does the amount of catalyst increase, decrease, or 

rernainthesame?Justifyyouranswer. Tl,e 
0

re~11 .,,_ 54a.-., tr,.~ ,-t 
\II: 1, ,.,,._, ~ Cl p,,,,,_, 'ti 

..,,w(tf df cPl~iy>r '--' ill 

elt},~*titol6 of~ 11 0 £d'S•"'d-
Unauth0f1zed oopy1ng o, ,_. ot lhla page 1a M1ega1. Page 4 · GO ON TO THE NEXT PAGE. 



Sample 1C 1 of 3
Begin your response to QUESTION 1 on this page. 

CHEMISTRY 

SECTIONll 

Tlme-1 hour and 45 minutes 

7 Questions 

YOU MAY USE YOUR CALCULATOR FOR THIS SECTION. 

Directions: Questions 1- 3 are long free-reaponse questions that requ!M about 23 minutes each to answer and are 
worth 10 points each. Questions 4-7 are short free-response questions that requ~ 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. 

..HMoH(aq) + i½tu) p '113b+(aq) + if~(aq) K0 = 1.Sx IC,4 

.,t. 

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

(a) Write the expression for the equilibrium constant, K0 , for the reaction. 

~ ,0•1 t "uxr ] 
l H C.00\-\ 1 

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

r • 15 - t) 0 

C. _., "' ... 
... ,, 

' • 1i · ,, " .. ,, 

" t.. \-~ ~ lo - oe 

--- ~ 

• 1-'5 

1' .., , O o (., 1 

-- ~ 2 .1 

Unau1n0f1zed copying or reuse ol 11111 page II 11egal. Page2 GO ON TO THE NEXT PAGE. 



Sample 1C 2 of 3
Continue your response to QUESTION 1 on this page. 

(c) In the box below, complete the Lewis electron-dot diagram for
\. £: .... .... \ 

 HcOOH
1 

" 
1
' 

1 
. Show all bonding and nonbonding 

valence electrons. 

 

 

  

,, 
0 

(d) In aqueous solution, the compound H2NNJ½. reacts according to the equation above, .A 50.0 mL sample of 

0.25 M H2NNHi(aq) is combined with a 50.0 mL sample of 0.25 M HCOOH(aq). 
t,'I • 'It, 

(i)
tl1'5 - I 

Write the balanced net ionic equation for the reaction that occurs when H2NNH2 is combined 
with HCOOH . 
 

H-i~t\\-\1. -t \.-' too'-1 _, E.98"' ~iNt\\-\t C:.,ooM't -+~,~u~ 

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

tL..c.-- """-'~ ..... 1 .... h-- .~ ~ i.-... ... "- h,,o c, .. ,•-t_. 

<>- t-....J.s c..e- ~ - ..-.. ~ ... ~ ~ _.., ,_ ~ .. 
vc.,,J... ~- ~- l,.ak- -- .-.,J.... ..J. i-.-.. ~ ---~ .J. 

-lc4 • i-. ~½ ri--t .-.. --~ . 

Unaulllollzed copying or reuae ol Ihle page la Illegal. GO ON TO THE NEXT PAGE. 



Sample 1C 3 of 3
Continue your response to QUESTION 1 on this page. 

When a catalyst iA added to a solution of HCOOH(aq), the reaction represented by the following equation 
occurs. 

HCOOH(aq) ➔ Hz(g) + C02(g) 

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

"-\o 1 ~ o~th,',-. \,'\,-~ ).. ""'°'"' e,~ ~ k- ll'C• .. ~ 

...... 24 -- --- - --------:;:------

! 
~ 

I 
]I 
~ 

0------------
Time (hours) 

(f) The reaction occurs in a rigid 4.3 L vessel at 25°C, and the total pressure is monitored, as shown lo the 

graph above. The vessel originally did not contain any gas. Calculate the number of moles of C02(g) 
produced in the reaction. (Assume that the amount of C02(g) di.ssolved in the solution Is negligible.) 

""' __. T-- '2.-1't ~ -:. • ot1A>" 
'(\ -.. ~ ~\\.-\ f-:.'l'i -,J-;'4,!> __,;.------===---, 

( 

to, . '1 
ti\ -:.-- ~ Li. 2. ' 'l"' . '4'>°'4 

L--- ------:::;...;--

piJ-_ ..., t T 

ltl() l 'L ~) ;. ~ ( .et, i•"'") l ''-'" \ 

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

or, 

1'1...... eJ.-\-r" ""\\ -'- ~ ~ ""t •~\of-.. . V\-. \,\...., ~ N'C, 

kf<c,1-J _.).. ~ rc...t"--"h ~"-fl>, h..... ~I~ .,Al\ ,..., . 

Unauthooz.ed copying or rau&e of tNtl pege Is Illegal. Page4 GO ON TO THE NEXT PAGE. 
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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 Ka 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 H3O+ (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 (H2NNH2) 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 H2(g) and CO2(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 CO2 produced in the reaction in part (f). This part is worth two points: one for the correct 
pressure of CO2 (SPQ-4.A, 5.F), and one for the correct number of moles of CO2 (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 Ka expression. Part (b) earned  
2 points; the first point was earned for the correct [H3O+] 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 CO2 and the second point was earned for correctly calculating the number of 
moles of CO2 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 Ka expression. Part (b) earned  
2 points; the first point was earned for the correct [H3O+] 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 CO2 is not addressed but the second point was earned for 
correctly calculating the total moles of gas (consistent with the incorrect partial pressure of CO2) using the 
ideal gas law. Part (g) earned 1 point for correctly stating that the amount of catalyst remains the same, with 
valid justification.  
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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 “Ka =” or “1.8 × 10−4 =”. 
Part (b) earned 2 points; the first point was earned for the correct [H3O+] 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 CO2 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. 
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