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A student investigates the reactions of nitrogen oxides. One of the reactions in the investigation requires an 
equimolar mixture of NO(g) and N02(g), which the student produces by using the reaction represented 
above. 

(a ) The particle-level representation of the equimolar mixture of NO(g) and N02(g) in the flask at the 

completion of the reaction between NO(g) and 0 2(g) is shown below in the box on the right. In the box 

below on the left, draw the particle-level representation of the reactant mixture of NO(g) and 0 2(g) that 

would yield the product mixture shown in the box on the right. In your drawing, represent oxygen atoms 

and nitrogen atoms as indicated below. 

I Oxygen atom= Q Nitrogen atom = 

-

Reactant Mixture Product Mixture 

See sample student response above. 
(8 molecules of NO and 2 molecules of 0 2) 

1 point is earned for correctly 
representing molecules of NO and 0 2 . 

1 point is earned for correctly 
representing atom conservation. 

The student reads in a reference text that NO(g) and N02(g) will react as represented by the equation below. 

Thermodynamic data for the reaction are given in the table below the equation. 

DH :) 

298

 40.4 kJ/molrxn 

DS :) 

298

 138.5 J/(K mol,:xn) 

DG 0 
298

0.87 kJ/molrxn 
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(b) The student begins with an equimolar mixture of NO(g) and N02(g) in a rigid reaction vessel and the 

mixture reaches equilibrium at 298 K. 

( i) Calculate the value of the equilibrium constant, K, for the reaction at 298 K. 

11G  = RTlnK 
-DG /RTK = e

870 J/mol
-

-1 1-(8.314 J mol  K )(298 K)K = e

K = 0.70

1 point is earned for a 
correct calculation of K. 

(ii) If both PNO and PNO in the vessel are initially 1.0 atm, will PN O at equilibrium be equal to 
2 2 3

1.0 atm? Justify your answer. 

No, the pressure will not equal 1.0 atm. 

PN O2
would only equal 1.0 atm if the reaction goes to completion. 

3

OR 

The value of K indicates that a substantial amount of reactants will 
be present at equilibrium. 

1 point is earned for a correct 
choice and valid justification 

based on the value of K. 

(c) The student hypothesizes that increasing the temperature will increase the amount of N20::i(g) in the 
equilibrium mixture. Indicate whether you agree or disagree with the hypothesis. Justify your answer. 

Disagree. 

Because the reaction is exothermic, increasing the temperature 
of the reaction will favor the formation of the reactants 
(according to Le Chatelier's principle). 

I point is earned for the c01Tect choice 
and a correct justification. 

N20 3(g) reacts with water to form nitrous acid, HN02(aq), a compound involved in the production of acid 
rain. The reaction is represented below. 

 2 HNOiaq) 
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(d) The skeletal structure of the HN02 molecule is shown in the box below. 
(i) Complete the Lewis electron-dot diagram of the HN02 molecule in the box below, including any 

lone pairs of electrons. 

H:O:N::ci: 
• • • 

See sample response above. 
(Line segments can be used to represent electron pairs.) 1 point is earned for a valid diagram. 

(ii) Based on your completed diagram above, identify the hybridization of the nitrogen atom in the 
HN02 molecule. 

sp2 1 point is earned for the correct answer. 

To produce an aqueous solution of HN0 , 2 the student bubbles N20 3(g) into distilled water. Assume that the 
reaction goes to completion and that HN02 is the only species produced. To determine the concentration of 
HNO,(aq) in the resulting solution, the student titrates a l 00. mL sample of the solution with 0.100 M 
KOH(aq). The neutralization reaction is represented below. 

HN02(aq) +OH  (aq)  

The following titration curve shows the change in pH of the solution during the titration. 
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( e) Use the titration curve and the information above to 

(i) determine the initial concentration of the HN0 (aq) 2 solution 

0.100 mol KOH
20.mLKOH  = 0.0020 mol KOH added 

1000 mL KOH

 0.0020 mol HN02 in 100. mL of solution because the stoichiometry 

of the neutralization reaction is l to I. 

0.0020 mol HNO2 = 0.020 M HN02 0.100 L

I point is earned for the 
correct calculation of the 

initial concentration. 

(ii) estimate the value of pK
0 

for HN02(aq) 

The value of pKa is about 3.4. 
1 point is earned for an acceptable 

estimate for the value of pK
0 

. 

(t) During the titration, after a volume of 15 mL of 0.100 M KOH(aq) has been added, which species, 
HN0 (aq) 2 or N0 (aq) , 2 is present at a higher concentration in the solution? Justify your answer. 

N0 (aq) 2 

The titration is past the half-equivalence point; therefore, 
there will be more conjugate base present than acid. 

I point is earned for the correct 
choice and a valid justification. 
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JA I o)-3
.\, - . . .. . . 2. A student investigates the reactions o:( nitrogen oxiqes. On  of the reactions in the investigation:.,re.qefii:es anequi_molar mixture of NO(g) and NQi(g), wb,ich t!:l.c stµ_(lent 1.n:oquqe  by using ·the reaction represe1'ted above .

. ' . . . . . .; ·_ . . . . . . . (a)• The particle-Ievel.repres.entation of the· equimola'rl ixture of NO(g) and Nc;>
2
(g) in the flask at t)l.e completion of the reaction betwe ri N0(g)·ahd O_i(g) is-shown below in the bc,ix on the_right. Jn the'l,Jox 

·below 011- t,!:1.e l ft,.@.raw th _particle-iev. I r pres _n.Jatfon of the reactant  ?Ct1tre of NO(g) and 0
2
(g) that 

would yieid th0e· product  tqre show  in the ·hox··o  'the right. In·y • fu;w1ng, represent oxygen· atom  
• •••• I • •• :· • l . • anq nitrogen atoms· as indicated below.

·, Ox      t?    () l  t ;gen\at?m: -  I

. N) . - -
!_ 

IIJi,f'\  -
. 

. 

..n 
w,-.;, 

i -· I 

·.·
·
.  -. ·  . ' ,. ,, .. · 

i··  cP. -· 

.   . . . ' ' . ( 

lh  student reads in a reference t xt that NO(g) and NOz(g) will react as represented by the equation below. T_h nnodynanric d<!ta f ;_$e.reai:Jibn-llfe given in the.table below the equation. . 
. ' • I • 

.. f 

M-J;g Mt9a 
-40.4 kJ/mol= I -138;5 J/(K · m.,<;>lrx11) • 

.  - . 

flG:w8 .' 
' • • t 

0.87 k.T/mq¼,, 
,.. 

(b) ·The student begins witQ.   eqlllllloJ;ir.mixtwe of NO(g) and N02(g) in a rigid reaction vess J-and themixture reaGhes equilipriUIJl at 298 K:
(i) Calculate the value of Uie equllib.tium constant, K, for the reaction at 29  K

(ii) If both' PNo and P 02   the vessel are ?-ni ally 1.0 atm, will PN203
...at e ili rium.be eq al to

1.0 atm? J stify your·arls'w r .. ·
(q) ;p1,e stude t hypothesizes that increasing the temperature will incr ase the amoljnt of N20ig) in theequilibrium mixture. Indicate whether you agree or disagree with t)le hypothesis. Justify your answer.
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N203
(g) reacts with water to form nitrous acid, HNO2 (aq), a COjllpound involved :in the pr?duotion of acid rain,. 

The !eacti n is represented below. ' ' 

N20ig) + J¾O(l) ➔ 2 HNO
i(uq) 

(d) The skeletal structure of the HNO2 molectl.le-is shdwn :in the ·fox below.. . . 
(i) C9mpleti:: tbe J_.ewis electron-dot diagram Qf the HNO2 ni.olecule hr the box below, includ:ing any lone·

pairs of electrons. ' ,., · · 

 -----.----"------ · ·  o.\  '<\\it t
""' 

  I  

'-----"-,--H_. _ _9_.,. ..... _.N_('.'··-:  -----'' "  h'.   

. . . 

(ii) B_a ed on yotjr.  ompleted diagram abpvy, iden  the hybridization ot·lb  nitr tn at rp.   th   02 

molecule. · · · · :.,, · f · • · · 
. . I. . . I . • 

, • I • • •   • I To produce an aqueous solution of HNO2, th  student   bbles Npig) .iiJ.  o distilled wat t. As m:...- .ha.t the 
rea tion so s to comple on an  _tliat - q

2 
is the OnlY, species!p' o ut¢d, 1'9,._d  t  e th{1eoric1mtiatiop of 

HN'Oz(aq) in tj:ie re u+ting solution:, the ,stq(j_ rit titrat s a IQO. mL Sa!!lple of th  SOlP, pn \Vith 0.100 M KOH(aq).

The neutralizatj.on reaction is-representt; 'below. . · · · 1 ' ·- • .. 

l\   CM,\-  HN02(aq) t  )H-( q)   No2-(aq) ;+ BzQ(l) ·. 1 
t 

'Tbe following titration c e shows the c;hange in pH of the solution duting:th'e titra ion. . . 
14 

., .. - . .. . : .

,.+• 

  \, • ') 1   I I I 

12
t= =  t::==== =====i:= :::=;t:::: ;:;: ;:;:'.·.. ; .... · , 
10-+----+---+------+------V------··­

.,_. 

"./ 

2-t-- -'-+---+------+----+-----

0+-1-+-+-ii-+--+-1-+---+-1-+---+-1-+---+-1-+--+-1-+-.:+' '-+--1-.,.+-+-....... -a 
o· •' 5 10 15 20 25 

Volume of 0.100 M_ KOH(aq) Adde  (mL) 
• _! -,.. ' ... ty.._/v\ -  

2W1"'W \  1) -z.   - \'   (e) Use the titra c;m c e ahd th_e information above to 
(i) determine the initial concentration of th  HNOi(aq) solution

(ii) estimate the value of pKa for BNOi(aq)
· · (f) During the titration, after a volume-of 15 mL of 0.100 MKOH(aq) :µas been added, which species,

HN:Oz(aq) or No2-(aq), is present at a higher concentration in the solution? Justify. your an wer. 
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PAGE FOR ANSWERING QUESTION 2 
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<

-'.: ·:· ..
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:·_ ... - · ... ··-   \ --\·_.··_1. •!,', •.' 

' 2 mt\\ 2m ·\ \(}il;rn-L-.. ·,.

}j -- {}  < \)     rt->  it-_ 'l   : ner  O_t".H,e-Vt\TGVt'rotf!"  !Ws  fu'\\.   .   t .

:fut no\\   f  \91'r.  t   -e,   fitn •. \.  ffi \  Q - o\..   -v-e,,& n}, ', 
\tAf-0_:1, .\ OH._   I .   \"\2P. w t\t lW1½t O,:Srr mo  \t  

l.,
'  - IM l'\·h 

2it\m  \ .\, swimal 
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2 NO(g) + Oz(g) ➔ 2 N0
2
(g) 

2. A stu"dent investigates th,e re11ctions of•l,liq-qgen oxides. Ope of the ie i:;tions in the. investigati,01,1 re.quires a!i'equiinolar mixture of NO_(g) and NOz(g), which the student produces by using the reaction represen(ed above.
(a) The particle-level representation of the equiro<;1lar mixture of NO(g) and NOz(g) in the flask at the

completion of  e reaction between NO(g) a,nd 02(g) is.shown below  the box on th  right. In t4e box­below on the left, draw  e particle-level_representati<;>n 9f the reactant rp.ixtl,!re of f-TO(g) aµd O2(g) that
woJ.Jl  Yi J4 th  P.f P9 9.t miiwr. : Sh'QWJl. 00 t:h.e ,ho  Qn me right. In YOlll; Mawing! represent oxygen atomsand n!trogen atoms a,  ind,icat d qe OVf.

I Oxy   ·  o  = 0 Ni toge  ato  =· $ j

cP 

R.e.actant Mixture Product Mixtur · 
The student reads in a reference text that NO(g) and NOz(g) will react as represented by the-equation below. 'fl!.ermodynamic data for the reaction are  iven in the ta le below the·equation. 

NO(g) + NOz(g) # N203(g)
.Mlf9s Mf9s AG;

8 

-:40.4 kJ/molrxn ..:.138.5 J/(K · molm,) 0.87  !Inolr.m 

(b) The  tudent begins with an equimolar mixture of NO(g) and N02(g) in a rigid r action vessel and themixture reaches equilibrium at 298 K.
(i) Calculate the value of the equilibrium constant, K, for the reaction at 298 K-

. . . . ... . (ii) If both P:r:ro and PNo2 
in the vessel are initially. 1.0 atm, will P 

203 
at equilibrium be equal fo

-l.0 atm? Justify yoµr 8!JSWer.
(c) · Tp.e student hypothesizes that increasing the temperature will i_ncrease the amount of N2

0ig) in  e· equilibrium mi,xture. Indicate whether you agree or disagree with the hypothesis. Justify yow- answer.

Unaulhorlzed copying or reuse of 
any part ol thls page Is Illegal. 

-10- GO ON TO THE NEXT PAGE. 

© 2018 The College Board.
Visit the College Board on the Web: www.collegeboard.org.



N2O
3(g) reacts with water to rorI!l nitrous acid, .f{NO

2 (aq), a co1!1pound involved in the production of acid rain.
The"""reaction is represented below. 

(d) The skeletal st:r.ucture of the.HN02 mole ule is shown in the box.below.
(j) Co,mplete the L wis electrqn,dot  iagram of the HNO;i 1nolecule in the box below, including any lone

pairs of electrons. · · 

>t {J 
\)< $·  i, - .  .... 

. H O 0  - .. --N .- ..... 
•. 0 •. 

(ii) Based 011 your completed diagram ilQove, identify.the hybridization of the niµogen atom 41 the HNO2
 olecule. 1 

To produce ao·aqueO\IS solution of HNO2, the student bubbles N2O3(i) into·distilled water. Assume that the 
reaction goes to completion {llld that HNO2 i  the only Sp!!cies produced. To determine the concentration of. 
1-:INO:i(aq) in the resul g solution, the student titrat   a ioo.· mL sample of the solution with 0.100.M KOH(aq).
The neutralization reaction is-repr ente4 below. 

HNOi(aq) + o}I-(aq) ➔ NQ2-(aq) +-IiiO(l)

The.following titration curve shows the c.hange in pH o_flhe solution duriqg the titration.
14 -- ---.---- -- -- -

12 
10 / 

, ' 

1··1- a =· Jj -9. ',
I "''-o •'f 1J=o 

p. 
6 

f .

(o s G-

s --; 0 
0 5 10  15 20 25 

Volume of 0.100 M KOH(aq) Added (mL) 

(e) Use the titration curve and the information above to 
(i) dete e the iqitial concentratiol1 of the HNO2(aq) solution

(ii) estimate; the value of pK0 for J™: Oi(aq)

(f) During the titration, after a voiume of 15 mL of 0.100 M OH(aq) has been aaded, which species,
HNO2(aq) or _NO2 -(aq), is present at a higher concentration in the solution? Justify your answ r-

Unaulhorlzad copying or reuse of 
any part of this pogq Is lllegol. 
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'. "' ·"  es.

ioc.r-e@in91 ::tbe :\e-oJp \, . .)culd co.use o.  1i\-1· t•ef.+ io¼)ard 
:lli i rtP o,h;u)½ _

£ .. J--jqr>- . ,s  _se>,,r)-\-- \ 1. hi<tih@r cooc ..ph:zx6oi1 _•C\.f-1faf'· ISmL..

- \(OH i  · o.dded.  lo\9,.JOJ  :h, :H"\e.- eq1Ji ale.nt'.'1! ?ttiat: 
' 

. 

\a equo.1 0pnc n¾n+i6o,; se> · btU ':°d +boJ,:. }he.ce 'i ::\ c..

GO ON TO THE NEXT PAGE. 
-12-·

© 2018 The College Board. 
Visit the College Board on the Web: www.collegeboard.org.



2 NO(g) + 02(g) ➔   N02(g)

2'. A student investigates the reactions of nitrogen oxicles. One of the reirctions in ·th:e investigation requires an 
,. • ., I ' • 

equimolar mixture of NO(g) and NQ
2
(g)', 'Yhich the stu e.Qt produf S by using the reaction  eprese\lted above.

(a) The particle-level repres ntation of the equimolar mixture of NO(g) an<;! N0
2
(g) .tn the flask at_tbe

compJetion of the reaction between NO(g) and 02(g) is shown below'in the.box on theright.-In the box
below 9/1 the left, cJ.i:aw the particJ level representation of the reactant nlj_xture of NO(g) and- 02(g) that
would Yi ld the pr duc.t mix ejhQ,Wn ill the bpx on tlie right. In y, uLrldwiug, r p.re ent o y.g n· atoms
and n,itrogen at6  as inc!.icatc:d -belqw. . ' . .., . . .. : 

. . .... . . 
9x g   at A::.C,• ..... \N trqg n.ft9:11 =  --

,. 

fl)   

· 

CP,i" : • Q:) 

·--- --

• • t 

. . 
Reactant Mixture

tL.­
  

·c!f> : :
1 °

 ·-. .. 1-· ---• 1 t'-, ·. 

' -  

.  ,
. 

.
 _-o[)'b, -w--

Product Mix.lure 

The student reads in a refere;11ce text that NO(g) and N0
2
(g) wi)l react as represented by the equation belpw. 

Thennodynamic data for the reacti.on are given in the table below the equation . 

. NO(g) + N0_2.(g) µ Nz(h(g) ,f Lt o: l..('
. 
"1f /""'-l

- g .6$298 .1G29s 

-40.4 kJ/mol= -138.5 J/(K · m9lrm) 0.87 kJ/molrxn 

(b) The sta ent beg ns with an equimolar mixture of NO(g) and NOz(g) in a rigid reaction vessel and the
mixture reaches equilitip.um at 29  K.  (#   _ Qi\ \(\ \  

(i) Calculate the value of the equi)jbrium constant, K, for the reaction at 2 8 K.

_ (ii) If both PNO and PN02 in the vessel are initially 1.0_ atm, will PN203 
at equilibrium be equal to

l.O atrn? Justify your answer.  ... 7 
\ ... '

(c) The student hypothesizes that increasing the temperature will increase the amount of N203(g) in the
equi.librium mixture. Indicate whether you agre  or disagree with the ·hypothesis. Justifr youi answer.

Unauthorized copying or rouao of 
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dt;zo _4 
N20ig) i;e 9ts witb water to fci:1111 nitrous acid, BN02 (0;q), a co:µipound involvecj m the pi:o_duGtiO!J _c?f aqtd rain_. 
The reaction -is represented below. 

N;tO:i{g) +. H20(l) ➔. 2 B;NO2(aq) 
-

' 
. 

(d) The skeletal structure of the HNO  mol_ect1.e is-sb:ow  in-the bo"' below.
> ; ti (i) Co.Q'.lplete the Le is electron-dot d:iagnt.rh of.th  HN02 molecule in the_bbx below, incluc:J.i.ng any lone

pairs of electrons: ·   I
  .. , 

H.J,J·.··o·-: - - -x'r-.... o·-·. .... , ...,,..... ::· lf   <'   

; ·-· , 

. ' (ii   ased on your compl ted diagram abpve, identify the hypridi.qation of the nitrogen atom in the HN02 
molecule, 

To produce an aqueous solution of HN02,. th_e student bubbles NzO/g) into clis ed water. Assume that the 
!eat<:tjo ' i e; -t  C?:11Pleti n  a that 1-W02 is  e:oniy specl _s pro_duced. To.de e e the concentr11ticin of

HN02(aq) in the resulting sohitio.n, the stude1ktitrates a 100. mL sample of ihe -sol1Jti6ri with .0.100 M KOH(aq). 
. \.. . . ·- - . . . ' . Tbe neutralization reaction is represen ed below. 

!JNOz(:aq) + QH-(aq) ➔ NQ2 -(aq) + :HiO(l)
 'he fQllowihg titration curve show  the c ange in pH of the  olu 9n d g the titration. 

  

14...---.....,----,,--,------,------, --,--->--
-,-,-
-

!2

10 
8 

6-

  

0 
0 5 10 

' . 

15 20

Volume of 0.100 M KOH(aq) Added (inL) 

(e) U e the titration cu_rve and the information above to   . > :::: . -.1.JJ CJ+ f J (i) detemrine the initial concentration of the HNOiaq) solutipn . · :,? · 
(ii) es)imate the value of pKa for HN0

2
(aq)

(f) During the titrati n. afier' a volume of 15 mL of 0.100 MKOH(aq) has been added, ·w cb species,
HN02(aq) or  02-(aq), is present at a higher concentration in the solution? Justify your answer.

Unauthorlzcd copying or reuse of 
any part of this pag  Is illegal. 
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· ·· . .

e rJ 1,,03 .. lJ; 11. hot- b L I 1fM , 

. . . . . 

C.) :i:· );'J;i  ei1,;.ti, t- h p,b,s,; .h c  ,5e...  'tJL /JJJ. ,s e o /1Lr,-,:c." 
;.\:- CfHI 1: ·. S>0 k pra,f111e,J-5  .;µ_ :tf or,,1...-ll  f:o 1hCJ-e..,u.. .

:fcNeer-'Jhtf(.  
I 

b'2 i.Lc'1.-,1d'C/   p r,'v,C,tp e.,,   rl-t!tvh"o,, lv,'IJ SJ,1il. 
tQ ,k_ ./ef f- C,fl-,    J.e  P"9Jv, er 9r N2..JJ311), 
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Question 2 

Overview 

Parts (a) through (f) assessed students’ understanding of equilibrium, thermodynamics, Le Chatelier’s principle, 

Lewis electron-dot structures, hybridization, acid-base neutralization, and titration.  

In part (a) students were asked to draw a particle-level representation of the mixture of NO and O  2 reactants that 

would afford the product mixture illustrated in the diagram. Students were required to interpret and use the 

pictorial symbols, making connections between the balanced chemical equation and the particulate diagram (LO 

1.17; SP 1.5). In part (b) students were required to use a table of thermodynamic data to calculate the value of the 

equilibrium constant for an equimolar mixture of NO and NO  2 that has reached equilibrium at 298 K. Students 

were expected to recognize the relationship between ∆G and K (LO 6.25; SP 2.3). They were then asked to 

determine if the partial pressure of N O  2 3 product at equilibrium will be equal to 1.0 atm if the partial pressures of 

the reactants (NO and NO2) in the vessel were initially 1.0 atm. The students should recognize that K<1, and thus 

the partial pressure of N O2 3 product at equilibrium is greater than 1 atm due to the substantial amount of 

reactants remaining (LO 6.6; SP 2.2, 6.4). In part (c) students were asked to make and justify a claim about the 

amount of N O2 3 product as the temperature is increased. The students should use a qualitative rationale based 

on the sign of the standard enthalpy change (∆H<0) and Le Chatelier’s principle (LO 6.8; SP 1.4, 6.4). In part (d) 

students were asked to draw the Lewis electron-dot diagram of HNO  2 from the skeletal structure. They were then 

asked to identify the hybridization of the nitrogen atom in the molecule that they drew (LO 2.21; SP 1.4). In part 

(e) the students were given a neutralization reaction between HNO  2 and KOH and the corresponding titration 

curve. They were asked to determine the initial concentration of the HNO  2 solution (LO 1.20; SP 4.2, 5.1, 6.4) and 

to estimate the pKa of HNO2 (LO 6.13; SP 5.1, 6.4). In part (f) the students were asked to determine the major 

species present after a volume of 15 mL of 0.100 M KOH(aq) had been added during the titration experiment (LO 

6.17; SP 6.4). This question required students to recognize that 15 mL of KOH solution is past the half-

equivalence point, and thus conclude that NO (aq) 2 is the major species. 

Sample: 2A  

Score: 10 

In part (a) the response earned the full 2 points because the student draws the correct particle-level 

representation; the correct representation for the reactant molecules NO and O2 is shown, and the student 

correctly represents atom conservation. In part (b)(i) the student earned 1 point for correctly calculating K. The 

student earned 1 point in part (b)(ii) for the correct choice and a valid justification. In part (c) the response 

earned 1 point for the correct choice and a valid justification. In part (d)(i) the student earned 1 point for 

drawing the correct Lewis electron-dot diagram. The response earned 1 point in part (d)(ii) for the correct 

hybridization consistent with the Lewis electron-dot diagram in part (d)(i). In part (e)(i) the student earned 1 

point for correctly calculating the initial concentration of HNO2. The student earned 1 point in part (e)(ii) for 

correctly estimating the value of pKa for HNO2. In part (f) the student earned 1 point for correctly choosing the 

species present at a higher concentration and giving a valid justification. 
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Question 2 (continued) 

Sample: 2B  

Score: 8 

In part (a) the response earned the full 2 points because the student draws the correct particle-level 

representation; the correct representation for the reactant molecules NO and O  2 is shown, and the student 

correctly represents atom conservation. In part (b)(i) no point was earned because the student calculated K 

incorrectly. The student did not earn a point in part (b)(ii) because of an incorrect choice. In part (c) the 

response earned 1 point for the correct choice and a valid justification. In part (d)(i) the student earned 1 point 

for drawing the correct Lewis electron-dot diagram. The response earned 1 point in part (d)(ii) for the correct 

hybridization consistent with the Lewis electron-dot diagram in part (d)(i). In part (e)(i) the student earned 1 

point for correctly calculating the initial concentration of HNO2. The student earned 1 point in part (e)(ii) for 

correctly estimating the value of pK  a for HNO2. In part (f) the response earned 1 point because the student 

chooses the species present at a higher concentration and includes a valid justification. 

Sample: 2C  

Score: 6 

In part (a) the response earned 1 point because the student draws the correct particle-level representation for 

the reactant molecules NO and O  2 but did not earn the second point because atom conservation is not 

represented. In part (b)(i) the student earned 1 point for correctly calculating K. In part (b)(ii) no point was 

earned because there is no valid justification. In part (c) the response earned 1 point for the correct choice and 

a valid justification. In part (d)(i) the student earned 1 point for drawing the correct Lewis electron-dot diagram. 

In part (d)(ii) the response earned 1 point for the correct hybridization consistent with the Lewis electron-dot 

diagram in part (d)(i). In part (e)(i) no point was earned because the initial concentration of HNO  2 is calculated 

incorrectly. In part (e)(ii) the student earned 1 point for correctly estimating the value of pK  a for HNO .2  In 

part (f) no point was earned because the student chooses the wrong species. 
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