
2816tO1 Mark Scheme June 2OO2

i .(aXi) rc = t l?(?t,c 
ImpTgtt t1l

( i i) rc = HS = 5.77x 10-3 { ^oldm-'/ accept s.Togzgto 5.8 x 10-3- (0.03e0)

lf (i) is upside d6rrrrn' I Nzo{g) 
I , then ans = fi3 t dmt mol-t / ace.ept' t ' r r '  

I  NOz(g) ] '
1 73.33333.. ...to 1 70

if no square in (i'' I Noz(g) I i,. 1 Nzgo(g) I , 
then ans = 0.38461 5..'/ no units / lmust be

stated)

if no square in (i) and inverr"' [P9] .2.8 { nounits / lrrrt be stated)I N O z ( g ) J ' - ' -

(b) LH - (2 x 33) -(9) '/ = (+)s7 xJ mot-' { 
l2l

commonenans:  -sT{x +24{x +75/x -24r ,

T2T

(c) change more NOz / less NrOo /

exptanation equilibrium positiop -* right or forwards / K" incre""", /

reaction is endot nermic /

rHls ANSWER /S CONSEQUENTTAL ON S/GN OF THE ANSWER TO (i)
BUT, a candidate interpreting a '+' enthatpy change as 'exothermic' (or vice
versa) will /ose the 3rd mark but the 2 'logic marks' before ire stiil
conseq uentially avail able

(d) 1 mot Nzoe reacts with 2 mot ruaon / 
t3l

amount of NaOH required = 0.0093 a mot {

. volume NaoH = 1000 x 0.0093/o.3oo = 31.0 cmt / 0.031 o amt {

Common effoftt

3.1 x ld (where x rs inconect) { { x

15.5cm3 /0.0155dm3 /{x 1.55x ld (wherex isincorrect) /xx

62 cm3 t0.0626^3 /{ x 6.2x 10'(where x is incorrecq '/rx [31

f fotal :1lJ

I

,J



281610{

2. (a)

Mark Scheme June 2OO2

p , _  r ? t a  , r /^ = 6 v

k= 8.3 x 10a / a^u mol-2 ,t / calcutatorvalue: 8.33333.... x 10a

| f tNo ] i sno tsquared ' f f i I * ,ans=250 /un i t s :dm 'mo | - ' s_ , {

lf the expression is upside down:% r, ans = 1 .2 x 10-s / units: mol2

s dm-6 /

upside down and not squared'Ix'{$f$Stt ,.r, ans = 0.004 mol s dm-' t t3I

(bxi) effect on rate x Z /

reason 1st order wrt t+(g) /

(ii) effect on rate x 1A /

reason 2nd order wrt NO(g1 /

(iii) effect on rate x ZZ /

(cXi) slowest step/

t2l

l2l

t1l

(ii) step 1 (RDS)

step 2

(dxi) NHs, -3 /

NO, +2 {

HNOg +5 {

2 NO(g) '/ , NzO(g) +

N z O ( g ) + N z ( g ) + H z O ( l )

t1 l

HzO(l)

rest of equation s'/

Hz(g)

Hz(g)

+

+

l2l

t3I

(ii) aNHs(g) + 5oz(g) + 4NO(g) + 6HzO(l)

products + reactants =+ 1 mark; batancing --) 1 mark '/ '/

I2l
(iii) molar masses NHg = 17; HNOe = Og /

mass = 700 000 x 17169= 1.89 x 105 tonnes / ca,cvalue 1.888888.... x 10s

ans: mark could be consequential on incorrect molar tnasses. l2l

ffotal: l8l



2816t01

3. (a)

(b)

Mark Scheme June 2OAz

Emp i r i ga l  f o rmu la=C :  H  :  o  =  4o .o l12 :6 .T t1  :  53 .3 /16  =3 .33  : 6 .7 :
3.33 v

= CHzo /

mass CHzO = 30, M, = gO ... molecular formula = CsH uO, { t3I

K^ = tH.(?qI t A. (aq)l , [H.(aq)12 ,/- 
tHA(aq)I ' 

[HA(aq)J

:. 1.2x 1o-5 - tn.(g$lt

t3I

t3l

151

lH . (aq)J  =  { t ( r . zx1os)  x  (1 .s ) }  =  4 .2x10-3mot  dm-s {

pH = -log[H"( aqn { = -bg 4.2x10-3 = 2.4 | 2.gZ {

4 marks: K. expression/;

lH'l/;

pH expression/;

calculation of pH from [H-] (ecD /

common error' without square root, answer is 4.7t 4.747... { / { r

t4l

(cXi) A solution that minimises changes/resists change in pH after add1ion of acid/af Xati /

NOT 'maintains constant pH' or ,cancel out, t1l

(ii) CHaCOOH - H* + CH3COO- / GHgCOOH + HzO + t+O* + CHaCOO- t1I

(iii) The weak acid or CHgCOOH reacts with added alkali / added alkali reacts with H' {

The base or CHgCOO- reacts with added acid ,/
Direction of movement indicated for one change / indication of the products

formed for one change /

(d) effect on PH increase s ,/

explanation equilibrium --+ tett {

H'removed by CHsCOO- '/

ffotal:



2816101 Mark Scheme June 2OO2

4. (a) Pressure: 3 marks

high pr"..rr" / fewer gaseous moles on right /

Compromise: pressure used but too much is requires too much energy/high

costs/causes safety issues/thick pipes /

Temperature: 4 marks

low temperature / reaction is exotherm ic {

Increased temperature needed to increase the rate/low temperature gives a slow

rate '/

Compromise: idea of a compromise between rate and equilibrium amou nt/

7 marking points + 6 max

C I ear, wel l -o rgani sed, usi ng specialis t terms

(bxi)
what citric acid doeq citric acid dissociates /

H* released / H2o accepts H'/behaves as a base /

equation. H3A + 3HzO € 3HgO* + A3-
or H3A + 3H* + A3-
or H3A + HzO + HaO* + H2A-

or H3A + H* + HzA- / lorother intermediate dissociation)
The equation alone will also score the 2 'what citric acid does' marks.

how l# reacts' H* now reacts with HCOa- ions/NaH CO.- /

equation-. H* + HCog- + HzO + CO, {
The equation alone will also score the 'how l{ reacts' mark.

5 marks +[4] max

(ii) Molar mass of NaHCOa = U.O {

amount of NaHCQ = 0.5/84.0 = 5.95 x 10-3 mol {

3 mot NaHCG reacts with 1 mol citric acia /

amount of citric acid = 5.95 x 10-3/3 = 1.98 x 10-3 mot/

mass of citric acid required = 1.98 x 10-3 x192= 0.380 g'/
(atlow 0.4 g)

Answer of 0.1279 / 0.126989 from dividing by Stwice+{/{/ x
t5l

ffotal:16]

,/

t7l


