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AP® CHEMISTRY 

2017 SCORING GUIDELINES

Question 2 

Answer the following questions about the isomers fulminic acid and isocyanic acid. 

Two possible Lewis electron-dot diagrams for fulminic acid, HCNO, are shown below. 
.. .. 

H - C == N-O: H - C = N=O= 

(a) Explain why the diagram on the left is the better representation for the bonding in fulminic acid . Justify 
your choice based on formal charges. 

In the diagram on the left, the C atom has a formal charge of zero and 
the O atom has a formal charge of -1. In the diagram on the right, the 
C atom has a formal charge of -1 and the O atom has a formal charge 
of zero. 

The diagram on the left is the better representation because it puts the 
negative formal charge on oxygen, which is more electronegative than 
carbon. 

1 point is earned for a correct 
assignment of formal charges 

in the two diagrams. 

1 point is earned for 
a correct explanation. 

Fulminic acid can convert to isocyanic acid according to the equation below.

HCNO(g)   HNCO(g) 

 

fulminic acid isocyanic acid 

Fulminic Acid Isocyanic Acid 

H- c - N-O: H-N = C =O= 
.. .. 

(b) Using the Lewis electron-dot diagrams of fulminic acid and isocyanic acid shown in the boxes above and 
the table of average bond enthalpies below, determine the value of ΔH 0 for the reaction of HCNO(g) to 
form HNCO(g) . 

Bond Enthalpy 
(kJ/mol) Bond Enthalpy 

(kJ/mol) Bond Enthalpy 
(kJ/mol) 

N -0 201 C =N 615 H -C 413 

C =0 745 C ≡N 891 H -N 391 

Compound HCNO HNCO
Bond Enthalpies (kJ/mol) 413 + 891 + 201 391 + 615 + 745 

Total Bond Enthalpy (kJ/mol) 1505 1751 

ΔH ° = Σ(enthalpies of bonds broken) - (enthalpies of bonds formed)
= 1505 kJ/mol-1751 kJ/mol 
= -246 kJ/molrxn 
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1 point is earned for 
subtracting the enthalpies of 

bonds formed from the 
enthalpies of bonds broken. 

1 point is earned for 
the correct determination 

of ΔH°. 

Σ



 

(c) A student claims that ΔS0 for the reaction is close to zero. Explain why the student's claim is accurate. 

The change from fulminic acid to isocyanic acid is a rearrangement 
of atoms with no change in phase or number of molecules. 

1 point is earned for a correct 
explanation. 

( d) Which species, fulminic acid (HCNO) or isocyanic acid (HNCO), is present in higher concentration at 
equilibrium at 298 K? Justify your answer in terms of thermodynamic favorability and the equilibrium 
constant. 

Isocyanic acid (HNCO) will be present in higher 
concentration. 

ΔG ° is essentially equal to ΔH ° because ΔS ° is 
essentially zero, so ΔG ° ≈ -246 kJ/molrxn , indicating 
the forward reaction is thermodynamically favorable. 

AP® CHEMISTRY 
2017 SCORING GUIDELINES 

Question 2 (continued) 

Since ΔG ° is negative, K > I ( ΔG ° = ‒RT lnK), 
resulting in a higher concentration of product than 
reactant at equilibrium. 

1 point is earned for the correct choice 
with a valid justification. 

(Calculation of ΔG ° is a sufficient 
justification.) 

1 point is earned for correctly connecting 
thermodynamic favorability to the equilibrium 

constant, K. 

The ammonium salt of isocyanic acid is a product of the decomposition of urea, CO(NH2)i, represented 
below. 

-

A student studying the decomposition reaction runs the reaction at 90°C. The student collects data on the 
concentration of urea as a function of time, as shown by the data table and the graph below. 

Time (hours) [CO(NH2) 2] 

0 0.1000 
5 0.0707 
10 0.0500 
15 0.0354 
20 0.0250 
25 0.0177 
30 0.0125 

 0.10~---~----~---~ 

,......, 0. 08 -t--______,.,.,-----------,------+---------1 
N £ 0.06+-------""<------<------+------------< 

z 0 0.04+----------J------'"""'-=,---------+---------1 
u 
........ 0.02+------+----+-'=---..::::,------------, 

0.00+----------------1 
0 20 30 

Time (hours) 
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Question 2 (continued) 

(e) The student proposes that the rate law is rate= k[CO(NH2)i]. 

(i) Explain how the data support the student's proposed rate law. 

From inspecting the data table or the graph, it is 
evident that the decomposition reaction has a constant 
half-life, which indicates that the reaction is a first-
order reaction. 

1 point is earned for a correct explanation. 

(ii) Using the proposed rate law and the student's results, determine the value of the rate constant, k. 
Include units with your answer. 

Since the reaction is first order, 

1/2

0.693
t

0.693
10. h

-k= -- = -- =0.069h 1 

OR 

0ln[A] ln[A] ln(0.1000) ln(0.0500)= 10. h
t

t
- - -k=------ = 0.069 h 1 

1 point is earned for the correct 
value of k with correct units. 

(f) The student learns that the decomposition reaction was run in a solution with a pH of 13. Briefly describe 
an experiment, including the initial conditions that you would change and the data you would gather, to 
determine whether the rate of the reaction depends on the concentration of OH -(aq). 

Perform the experiment at a different concentration of OH -(aq) and 
measure how the concentration of CO(NH2)i changes over time. 
(Other variables, such as temperature, should be held constant.) 

© 2017 The College Board. 
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1 point is earned for the 
description of a valid 

experiment. 
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2. Answer the follo~ing ques~o.ns about the i~o~ers rulminic acid and isocyanic acid . .. 0   I .o 5r-   
Two possible Lewis. e~~on-dot diagrams for fulminic acid, HCNO, are shown below. . 
. · ,-1-11. . . . ·'. I ·''. ,·.• .. ,. '   .·.~·• ., .-· .. I J • t ·: .... 
\     -# 1 " •• ' .... , 0 . •• .• 
• •• •1 •• 1 11 ,. 1. ,. ,· H, .... c1 .=.,.N-b: .... ; . 1-1 H-C=N;::::O: 1_ ,_,,..... 

• • • • J • • '. ·• • • •• • • ' • '<" ,, I ii \1 -~•-1-·~•• . , : It!' ,i.   v"'- 'II ')-,I 

'··· : . · · "t-'l-=-C> 5~-:/ "'.' I 1-s:--1 , S-:1¾,-:.t, .J: .·., ·, ·, .. 
(a) Explain why the diagram on the left is the better representation for .the bo!ldin& in fulminic acid. Justify y~>Ur 

choice based oil formal charges. · . . ' . . . .. . . . .'. 
· • · ' I ' [ 1· ' i ·,1 qlJ ' · ' ' . ' I ' J ' ·' ,. • • • . ·1 " ' ' Fulminic·acid can conVeri ·to"isocyaru.c !icid according to·th~ equ·aifon below'.'· 

• • •, ,}~ I • \ ,, • •• ! ) • •   : f , • .. • • • ,., • , •, , . • •;! .. , : i 

.fulmw.k Acid . 

_HCNO(g)" P HNCO(g) ·. · 
. - ... ' ,_.., -

fulminic acid isocyan.'ic acid : . \·. . . 

,H .:_:_ N ====C=O= 
i 

(b) Us~g the l:e~s electron:dot diagrams of fu,hcii;rie a~id ·and-iso~yanic-acid-show:a-in ·the box-es ·above -and the 
table of average bond e'tlth'alpies below, detertnine·the value of~tJJ." for the reaction of HCNO(g) to form 
FINCO(g) :· .- - . ... . . . . - -· 

I 

·- . ... . - ., 
.-ED~l}Y . :Enthalpy : Enthalpy ·Bond ,. Bond '·Bond 

. .. .. · . .. - J14(¢ol} . . .. (kJ~~o.I)_" ... - . - .. (}qfJ?lol) 
"i , 

N-0 201 C=N ' 615 H-C 41S ' - . .. 
l f:=::O ,745, CsN : 891 H-N .. .391 

. (s)_ -~ -~~d~l!{c~_frii     AS° _f~~ th~             to ·zero.·~~~ whJ'~~-~~'.~-~l~ ts;.*i;ir~fu::- .. . 
(d) Wl,1jch 'species, ~ ~-acid (HC~O) or'jsO'cri1°atiig 13-tjif (a:NC9'}{'~'-nre~~-1µIDt~r-~eentration at . 

eq'uillonum 31~9g·l{7 J~tizy, your aris..yer in-~rn;i,s bf. thermodyµfunic)l;<;>raoilrty and The· equilibrium 
constant. · · · .. · ·.. · · · · · ·=~' · · , · · 

• • • • • , • • • • • • • ·- . 'l,• - si, .,_,.. • .. . -. ·:-- •• • • • ·· •• •• • • • • - .. .... -

, , ,. 

0 

f ' • •• • . . f ' : 
0 

•• ·; : J,? l .• . • .:,• • • := • J • ' 0 i 

'The ~onjum_s~ of i~~y~_c_-a~i~ i_s 'a: _pt~u~~ ot!fie'~~OIDP.?SJ.tl~ifof ~~~·¢Q~z)z: x:ei_resen~ below. 
. .. '. ·1C<:>~i~aq) ·.·~ -- N!f/(aq) + ~ fa4): . 

o-.<xi' ..... .. 
0 -

. ·' .   . . . -· ........ . . . . .. .. . ___ , ,:, .. . 

10 20 - 30 
Tune(how-s) 
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(e) The student proposes ~at.thf? rate law is rate= kfCO(NH~2J. 
. . - ·... .• i·. :·, ·' ·. . . . .-, . :'"• .. ' . 

(i) Explain how ~e.-data support the s,tudeiit's proposed rate law. 

' · (ii) Us~g ~e propos~-rate law and the student'~-resuits: dete~e:the value of $.e rate ·co~t, k. 
. . Includeunits·with_youtansw·er. ·· ·· · · · ·. ; · · '' · · 

·';:~- . . ··   ·: < .. ~• i .. ~: t' :- t .. _-:, ,.t n- ·J • .! '° , ,- _·~~ ·._ J ,. •• : •• • • ' •. 1 • . . .. ·-· ~-- .- _ • ,. • .•   ,.. .. 

(f) The stu~ht learns ·that the decomposition reaciforr:was run in. a solution with a pH of 13. Briefly describe 
an ex,.ij~#ih~nii includin_g_ th~_j.iµJ;ia). q~~~@!){ ~at Y.~-~tv{®W ~~&.~~ai,.d_ the _d~~     ~q~14 gl®er1 to 

· dete~e whether ~e rate ~ :the r.eactto~:d~qs on   co~centJ:.~tj~n 9,f OH.~{aq). · · 

L-J a, me rtf o. g{~ rn. or\ _tll(lftt·t   tnt'"lsctW t re Pti ~ntutron .. •. , --- ',•,ffr -{·- '·" · · · ... ''n · , · fO(ID, ·tond:1:rg_-ny·J.:~H)%l-Y1l_C·.C1m~-t 11:'t.,le.tt <llagr~ro 
~-~- (J~: rfgTIQZ~~+ \~ :~--,Wtrn.:~x-,~~:.c;tr~~~-( -,·.gt_;· q :·_,~r-)'}~~9.f1n, 
, , 0 to~. Gq.~_RQ)r·:t.\' ft):~ :n,trcgpj) an'tl:··-:t<\°r oxvge,n~ _ . 
.. Th\£ If appm~.OQst' !;\,OLD-- 0~9gf,b ,.:me V119St e1e.W1)Yie9-

" .. -~~fy,-~ .01901 J.. j tCAX~ JX~.: -J)~g_cx~r\(tr .I. lQWJ >t. ~:fp(nt.µ_ _ 
·-·-·-·''The~~~: 'cio~t··a:t, o+-ns( fum~\ cVrQ:rgtn -~.re;· ~CJ\Qe< :,n 

6 ~~--,J~$fll:Jt ,.- Thl ~_.c_gr_a arag_raxn: e1p_i-0ttt ~o_rt:: 

\ 

Unairthoi1zed copying or reuae ol 
,eny,1!8):!oJ:l!tla.~~-'8.)Uegal. , _, . . · 
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ADDfilONALPAGBFORANSWERINGQUESTION2 . d A 3 ,S. '-/ .. 
~oc;- c rw:tecl   Of'd t~ ~aoc _ reJnuror rn t ~<lqig,1 

.-tm.-.Jt'Q:O.t .. ~0   __ W_f lJ . -~{ . WQQtH((. _= __ :~~J~Y\ _ .... .-: ...... . 
___ . _ttr,_·::~to.rt1'Jf(l 0\:Y:J~( ry:i~ __ CX)f·;@j~f _\s_ Jj9(iti){t1 _ .. _ .. _ . 

.. .. . __ -__ -_icii{ ·)_ ·_ ~--N-~~-- :ii -~ :~i.iof ; .. 4t.·ci'' -~r.~.{6.nonfrahi?.n ... 
at eaw1Lvn'Vm ... -.. -. . · . . . - . ' >.   11 !'. • ,... . . .. ' .. .. .. • . ...... .... ,. - .. . .. ·- - - . . . . . . .. .. - . . --- .... . 

J. L_ .Toe;-tlo;tt};-~~~ mt~-.. mDc.tq~ron ~rno..Jri,i ___ -f:Qrrn~--'°' 
dQfDODttalt~( ttla.t: tn(_rgpfttqp_ 1_rJtrJtJKdf,Y .. 

--

•· • •• •;   • -~ ••• 7 ;. >< ••• : . •. r. , ;>'?'" .. ~:• • ._ F.7~>.a_r·.: ._ F. 1_111 .. ~w:_::v_:xa     · J · :, -~-:,c 

Mbfrl _ _.Qng.:_9;r.9ph_J:t~ .. T~:·+~fyamt WIJ!·_- #wif~iQfn.Wfi ., . 
• • · • • I , . • - c " • 

--
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2. Answer the following questions about the isomers fulmini.c acid and isocyanic acid. 

Two possible Lewis electron-dot diagrams for fulminic acid, HCNO, are shown below. 

(a) Explain why the diagram on the left is the better representation for the bonding in fulminic acid. Justify your 
choice based on formal charges. 

· Fulminic acid can convert to isocyanic acid according to the equation below. ' 1 .' 

HCNO(g) µ HNCO(g) 

Julminic acid isocyanic acid 

Fulrninic Acid lsocyanic Acid 

(b) Using the Lewis electron-dot diagrams of fulminic acid and isocyanic acid shown in the boxes above and the 
table of average bond enthalpies below, determine the value of AH0 for the reaction of HCNO(g) to form 
HNCO(g) . 

Bond 
Enthalpy -:,;: Enthalpy ·, · Enthalpy 
(kJ/mol) J ~_B_

0
_
nd
_-+-(kJ_ l_m_o_l)-1 .. ~B_o_n_d--+_(kJ_l_m_o_l)--1 

N-0 201    C:::N 615 .-~I H-C 413 
1------+- --~~;;,1------!-------l, •. 1---------1 

C:::O 745 i:Jf C=N 891 .,.:. H-N 391 

(c) A student claims that t,,S0 for the reaction is close to zero. Explain why the student's claim is accurate. 

'( d) Which species, fulmini.c acid (HCNO) or isocyanic acid (HNCO), is present in higher concentration at 
equilibrium at 298 K? Justify your answer in terms of thermodynamic favorability and the equilibrium 
constant. 

The ammonium salt of isocyanic acid is a product of the decomposition of urea, CO(NHz)2 , represented below . . 
CO(NH2)i(aq) µ NH4 +(aq) + OCW(aq) 

A student studying the decomposition reaction runs the reaction at 90°C. The student collects data on the 
concentration of urea as a function of time, as shown by the data table and the graph below. 

Time (hours) 
0 
5 
10 
15 
20 
25 
30 

Unauthorized copying or reuse of 
eny part of this page Is Illegal. 

[CO(NH2) 2] 

0.1000 
0.0707 
0.0500 
0.0354 
0.0250 
0.0177 
0.0125 

0.10.....-----r----..-------, 

  0.08 -t-----"c----+-- c----+-- ------l 
  i 0.06 
0 0.04+-----+-...:::....-.:::----+-----l 
u ....., 0.02+----+----+=----==---l 

0.00+----~----1----~ 
20 30 0 

Time (hours) 

GO ON TO THE NEXT PAGE. 
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(e) The student proposes that the rate law is rate = k[CO(NHi)2]. 

(i) Explain how the data support the student's proposed rate law. 
(ii) Using the proposed rate law and the student's results, determine the value of the rate constant, k. 

Include units with your answer. 

(f) The student learns that the decomposition reaction was run in a solution with a pH of 13. Briefly describe 
an experiment, including the initial conditions that you ~ould change and the data you. would gather, to 
determine whether the rate of the reaction depends on the concentration of OH-(aq) . 

. , 
1\u._ J,a..~<'°'d".:\ co k     1~ OL-~.\-\,,Lc f-L1?£·.t..~-raJ i o--n c='o-r-

  c o-A::x:,~ In Vk r', ~'nt J·, r.....ri.(p.....rr-, 1nC\..S ,;;,.... ~<"'Y"Y"\A..( ".JN•r96 

o   \ - ,   'Cn:-r-w:vz., \ c.,'r-o--.'i--9'~   \:..J C i   'f r -<.., 'G:' ,L.{'O~d I J 

·o 7J.. .ro 

Unauthorized copying or reuse of 
any part of this page Is Illegal. 

,lY=·l. 

c..::: () 

-11-

(.,\S-

11-\b 

7S' 

l.t;::r- ~"' 

k .r I ,('V\ ll \ 

'r'...:r;W\6\ 

ks 
\¥(> \ 

GO ON TO THE NEXT PAGE. 
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ADDIDONAL PAGE FOR ANSWERING QUESTION 2 

/lG 0 :::. -1:\(.p 'cy - '1'\~ \< (a)    f<e>~ue.-~ ~ 

~GO 
::. -1y Ca \c.3';:~, -l.':\   ~;y x \W> s - - --z.y {,, bC>O ;r (~fv(;<:, J · 

e.. ', 

I 

}1.\'o ~Q \\.a.,'t.r \tr--

GO ON TO THE NEXT PAGE. 
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2. Answer the following questions about the isomers fulminic acid and isocyanic acid. d, C } . 
Two possible Lewis electron-dqt diagrams for fulminic acid, HCNO, ar~ shown belo,,,;, · · · o·)- 3 

: ... ·: •• • I 

(a) Explain why the diagram on the left is the oo'tt~r repr~entation ;for the bo_nding in fulminic acid. Justify your . 
choice based _on formal ,charg~. 

Fulmini~teid. can ·cori~eti to isoc~iuiic' adicr'accordirig 'to 'the eqqatio'rl oelow: 
' ,-·1 

H~O(g) p HNCO(g) 

fulminic acid ·isocyanic acid 

Fub:nini_c Acid · Isocyanic Acid 

(b) Using the Lewis electron-dot diagrams of fulminic acid and isocyanic acid shown in the b~xes above and the 
table of average bond enthalpies below, iietennin~ the .value of AH" for the reac;tion of HCNQ(g) to form 
HNCO(g). 

Bond Enthalpy Bond Enthalpy Bond Enthalpy 
(kJ/mol) (kJ/mol) · (kJ/mol) .. 

N:-0 201 C=:N 615, H-C 413 

C=O 745 C=N 891 H-N 391 

. ' . 
(c) A ·student claims that ts' for the reaction is close to zero; Explain why·the student's claim is accurate. . . ,. . . . -

. . 
(d) Which species;, fulminic acid (HCNO) or isocyanic acid (HNCO),' is present in higher concentration-at 

equilibrium at 298 K? Justify your answer in terms· of thermodynamic favorability and the equilibrium 
constant. 

The ammonium salt of isocy~c acid i~. a product of the decomposition of tirea, CO(NHi)2 , ·represent~ below. 
COCNHz)2(aq) p NH/(aq) + OGr(aq) 

A student studying tl:ie decomposition reaction runs the reaction at 90°C. The student collects oata·on the . 
·concentration of urea as~-function of.time, as shoV'.'.]1 by the data table and·the graph bei~w. , 

Time (hours) 
0 
5 

10 
15 
20 
25 
30 

Unauthorized copying or reuse ot 
any part of !Ills pa~ la Illegal. 

[CO{NHz)2J 
0.1000 
0.0707 

· 0.0500 
0.0354 

. 0.0250 
0.0177 
0.0125 

.· 0.10-- --~----'-----'-~---

~ 0.08 

l ?·06 
o 0.04-1--- --+-=S...,--+----l 
u ·...., 0.02+-''--'----+----~=----=----I 

·o.od+------1-----j;..-------1 
0 10 20 30 

.Time (hours) 
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(e) The stm;lent·proposes that the rate 111-w is rate= k[CO(NH:z)z] . 

, . (i) Explain.hpw ~e data ~pport tile student's proposed .i;ate law. 
, .' (ii) Using ~e propcis~ rate law apd ~e student's results, det~rmine .the _value 9f the rate ~~tant,• k.. 
· · Include·units-:with your answer. ,· : · · · ·-· · · · ·. ' · -: · · 

.,... : . ' .. . " '·. . , \ 

. ) . . . .., ! ,.. ; i . ' .. 
(f) .. ~e student leanis'that the decomposition reaction was rim in a solution with a pH of 1-3:. Briefly describe 
, _:-: : an~~riment; 1;9~lu<Iwg-~i]!ip°l}JP,?nd.itio0$ q,:i.~:YPJ.!:·~W~·-f.hl1.llge {llld ti?,~ da4-Y,OU__,wo11,l~;.gather, to 

c!e~e: '.1/h~tb,er the ·rate of.the reaction depends on the cqncentration of OH-(aq). - . 
. ·._..,.· . . -· . _. .;.:· . · . · ~- ·-r ·-J, ,. . 

a- -.-cat boh- .ustAaf~t1 __ ··-rovt>1~ i.f - -bond~ \v,-1vi 
· h n (A OS lil0'.-~cJ ~ ·p ·cU ~ -~,-· -:1\(\L' -·,, ·r11' <A@ v·dt4-:b . 

, • '. ·• r • • • . : 

Unauthorued copying or ,euse of 
any part of ~ls pag~ lsJllega/,. , 

. ;.11-
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Question 2 

Overview 

In parts (a) through (f) this question assessed students’ understanding of several fundamental concepts: formal 
charge, determination of ∆H° and ∆S° of a reaction, and the relationships between concentrations, thermodynamic 
favorability, and K. In parts (e) and (f) the questions focused on the evaluation of data for a first-order reaction: the 
decomposition of urea. 
 
In this question the Learning Objectives (LO) assessed were 2.21, 4.1, 4.2, 4.3, 5.8, 5.12, and 5.13. The Science 
Practices (SP) assessed were 1.4, 2.2, 2.3, 4.2, 5.1, 6.4, 7.1, and 7.2. 
 
In part (a) students were asked to explain why one resonance structure of fulminic acid was better using formal 

charges. In part (b) students were asked to determine DH rxn  for the conversion of fulminic acid (HCNO) to 

isocyanic acid (HNCO) using the given bond enthalpies. In part (c) students were asked to explain why ∆S° would 
be close to zero for the conversion of HCNO(g) to HNCO(g). In part (d) using their answers to parts (b) and (c), 
students were asked to choose which species would be present in higher concentration at equilibrium and to justify 
their choice in terms of thermodynamic favorability and the equilibrium constant. In part (e)(i) using a data table and 
graph of [CO(NH2)2] vs. time, students were asked to explain how the data supported a first-order rate law for the 
decomposition of urea. In part (e)(ii) using the proposed rate law and the data, students were asked to calculate the 
rate constant for the decomposition of urea. In part (f) given the information that the decomposition reaction was run 
at pH 13, students were asked to describe an experiment that would determine whether the reaction rate depended 
upon the concentration of OH−. 

Sample: 2A 
Score: 10 

This response earned 10 out of 10 possible points. The response earned 2 points in part (a) for the correct assignment 
of formal charges on the atoms in both diagrams and for correctly explaining that the structure on the left is better 
because the negative formal charge is better on the more electronegative oxygen. The response earned 1 point in part 
(b) for subtracting the enthalpies of bonds formed from the enthalpies of bonds broken and 1 point for the correct 
calculation of ∆H°. The student earned 1 point in part (c) for indicating that the entropy change would be close to 
zero because there are the same number of moles of reactants and products and that there is no change of phase. The 
response earned 1 point in part (d) because the student correctly indicates that HNCO would be present in higher 
concentration and explains that because ∆H° is negative and ∆S° is close to zero, ∆G° would also be negative, 
making the reaction thermodynamically favorable. The response earned 1 additional point because the student 
indicates that when a reaction is thermodynamically favorable, K > 1. In part (e)(i) the student earned 1 point for 
correctly indicating that the reaction has a constant half-life of 10 hours, and a constant half-life is indicative of a 
first-order reaction. The response earned 1 point in part (e)(ii) for the correct calculation of k, with correct units. The 
response earned 1 point in part (f) for the description of an experiment in which solutions at a pH of 1 and 7 would 
be used, and the data would be collected and compared to determine whether [OH−] affected the rate. 

Sample: 2B 
Score: 8 

This response earned 8 out of 10 possible points. In part (a) 1 point was earned for the correct assignment of formal 
charges on the atoms in both diagrams. The second point was not earned because the student indicates that the 
diagram on the left is better because C has a formal charge of zero, with no mention of the charge on oxygen in each 
diagram. The response earned 1 point in part (b) for subtracting the enthalpies of bonds formed from the enthalpies 
of bonds broken and 1 point for the correct calculation of ∆H°. In part (c) 1 point was earned for the explanation that  
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the entropy change would be close to zero because there is no change in phase or number of molecules (moles). In 
part (d) 1 point was earned for correctly indicating that HNCO would be present in higher concentration and for 
correctly indicating that because ∆H° is negative and ∆S° is close to zero, ∆G° would also be negative, making the 
reaction thermodynamically favorable. The second point was earned for showing by calculation that K > 1 under the 
stated conditions. In part (e)(i) 1 point was earned for the graph of ln[CO(NH2)2] vs. time, which shows that the plot 
is a straight line and is indicative of a first-order reaction. No point was earned in part (e)(ii) because the units are 
incorrect. In part (f) 1 point was earned for the description of an experiment in which data would be collected at 
different pHs. 
  
Sample: 2C 
Score: 5 

This response earned 5 out of 10 possible points. In part (a) the first point was not earned because there are no 
formal charges assigned in either diagram. The second point was not earned because the student incorrectly indicates 
that the diagram on the left is better because carbon has four bonds and no unshared pairs of electrons, and the 
student does not consider the other atoms in the molecule. The response earned 1 point in part (b) for subtracting the 
enthalpies of bonds formed from the enthalpies of bonds broken and 1 point for the correct calculation of ∆H°. In 
part (c) 1 point was earned for the explanation that the entropy change would be close to zero because 1 mole of gas 
is converted into 1 mole of a different gas. No points were earned in part (d) because the student indicates that 
HNCO would be in greater concentration at equilibrium because the reaction is exothermic, with no mention of the 
role of entropy in determining thermodynamic favorability, and because there is no mention of K. In part (e)(i) 
1 point was earned for the observation that the [CO(NH2)2] decreased by half at regular time intervals, which is 
consistent with a first-order rate law. The response earned no point in part (e)(ii). In part (f) 1 point was earned for 
the description of an experiment in which different OH− concentrations would be used and the rates compared. 
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