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:‘[Colourles's] hqu1c1 is addcd to éln orange soluuon Whlch remams orange or no change

. <. observed or no v151ble reactlon or NVR_ _ ;




8 -Any salt ofFe2+ Nf* cﬁ* also CuCOa,CuCI

*=AL203, ZnO CrzO
; cyclohexene '

[ Ca(NED), >, Zn(OH)j-(aq)

V:Phenolphthalem

o _‘_Any metal graph1te, moltcn salts 1omc soluhons PR

‘Diamond, grapmte -silicon d10x1de, Si,B,

_,FeZO3,1ron ore, iron 0x1de cokc C(s), hmcstone CaCOS, ar, oxygen, carbon monomde CO

11 1.-uich16roemane

‘ ethyl acetate or ethyl cthanoate

2.2,4- mmemylpcntane

l-propylpyclohexene o |

NO

NO

YES

NO




femove OH“(aq) product by’ addmon of ac1d ‘not used as this would rcact w1th cyamde
Zdecreasmg [CN: (aq)]l ‘and also producmg p01sonous HCN(g) :

' goId isa good elccmcal conductor : UL e T T R
gold is noble, so does not corrode easﬂy, and docs not an have msulatmg Corrosion product . o
coatmg gold is malleable and ductlle 50, can 1ead11y be fabncated into ﬁne shapes. _ S




12, Numer_ou_s schemes are possible. An example:

~ Test S Substance identified ~ Explanation / Equation

solubility in water |ALO, This is insoluble, the other three are soluble .
dissolve a little of _ This forms a (white) prgciﬁitaté (Cay(PO,),) -
eachinwaterand [Na,PO, R l
add solution of o a 3 Ca®(aq) +2 PO, (ag) —> Ca (PO,
CaCl, - ' ‘ '

dissolve a litleof | This forms a (Whitej precipitate (AgCl) -

each in water and [NaCl B i

add solution of , . Ag*ag) +Clag) — AgCl(s)

AgNO, - | '

remaining - jsugar . Ing precipitate -

substance .

~ PART 3 (50 MARKS)

() Ni) + 4CO(g) — Ni(CO),(g)

2,76 x 10° ) 273 103.6
2041 3 23 1013

54 =2 x (CO) = 3 %1064 =2661 moles

b) n(CO)= = 106 4, molcs

m(Ni)-_-26.61x_58.5_9'='1552'g‘ R T :

m(crude N1) —S%Q X 1562 1952 g

- 2a) R |
1,900
C) = n(COy) = —004317 C) = 0.5185x 12.1 = 0.5185
(0) =n(COy) = 1201 +2x 16 m(€)=05185x121=05185'g
n(H)~2£(H'6)—2x 0.518 '—005550 m(H)—605750x1008¥065796
B PV Tk I TRETEE0E

- m(0)=1383 - {m(C)+m(H)}—1383 - 5185+005796) 08065g n(0) = 0-8065

16.00
=0, 05041 m01



Or any other structure with 3 carboxylic acid groups and one OH group

Compound reacts with 3 moles KOH, so contains 3 acid groups

~—CO0OH —COOH

—COOH

C H 0
mass (g)|  0.5185 0.05796 | 1.383—(0.5185 + 0.05796)
= 0.8065
+At Wt 12.01 1.008 16.00
=(mol)|  0.04317 0.05750 0.05041
+ smallest no (0.04317) 1 1.332 1.1676
x6 6 7.992 7.0056
Round 6 8 7
®) - EF 1921
| EF = CH,0, = (6 x 12.01) + (8 x 1.008) + 7 x 16) = 192.1 g mol” Vil ISE‘—
So MF = EF = C;H,0, o
(©
?OOH
H—$~H
HO-— (II——COOH
H—?—H
COOH

Then there remains 3 more C, 5 more H, one O — these can be put together as

- {:%._. _{J‘\H‘;...

P

ot
B -

[ —

R T ST

4 R



3(a)

actual n(Cu) = 1074 _ 1.690 x 10 mol
63.55

this would require % x 1.690 x 10% = 4,507 x 10 mol HNO,
actual n(HNO,) = 6.00 x 10.0 x 10° =6.00 x 10" mol HNO,
this would require % x 6.00 x 107 =2.250 x 10* mol Cu

Hence Cu is limiting reagent, as there is sufficient nitric acid to react with all the copper, but
insufficient copper to react with all the nitric acid. HNO, is thus in excess.

n(NO) = % x n(Cu) = 1;— x 1.690 x 10% = 1.127 x 10° mol NO

V(NO) = 1.127 x 10%x 22.41 x 1013 X 308 =0.2405 L NO
1200 273
(b) . ‘
n{HNO,) remaining = initial n(HNQ,) - n(HNO,) reacting
= 6.00 x 10 mol - 4.507 x 107 mol
= 1.493 x 10" mol HNO,
4(a) Cu**(aq) + 2¢ — Cu(s)
110.0
b Cu) = —— =1.731 mol
b)  nCw)= 35 =17 me
n(e’) =2 x n(Cu) =2 x 1.731 = 3.462 mol
Q=n(e") x F=3.462 x 9.649 x 10* =3.340x 10° C
5
1= Qo 3340107 o000
t  3.05x60x60
102.0
Ni) = ~—— = 1.738 mol
© =5 o
n(N_l) _ 3.462 ~1.992
n(e’) 1.738

e Nitaq) + xe& — Nis)

p X=2



(d

- 3@

(b

(©

Finalvolume | 1756 | 3350 | 1853 | 3443
| Initial volume |. - 050 . |° 17.56 2.55 18.53
Titre = 1706 | 1594 15.98 15.90

. 6 ‘ i
n(Ni) = 1—‘9-%(;—%{-)-- = 1.704 x 10° mol

n(e”) = 2 x n(Ni) = 2 x 1.704 x 10* = 3.408 x 10* mol

Q= n(e) x F=3.408 x 10° x 9.649 x 10° = 3.288x 10° C 3
1 _ :

Q 3.288}{_109 o ‘ _ - o -' . -
t= == 222220 o 3088x 10°s = 91.3h | . ;
1 10000 x107s = 915 howss -

6 Fe(ag) + Cr07%Gy) + 14 H'ag — 6Feaq) + 2Cr'%ag + TH0

Excludmg first (rough) value, average titre = 15, 94 hd 15398 + 15,90 =15.94 mL

o n(Fez") 0.04104 x 15.94 x 10% = 6. 542 x 10™ mol

(d)

'- CH;CH;OH in 100 mL 0. 100 X 0.7042 =0, 070542 g 70.42 mg o

hence rcmannng n(Cr,07* ) in 30 mL ahquot n(Fe2+) X -6-= 6.542 x 10 “ %

= 1.090 x 107 mol-

hence remaining n(Cr207 ) n 150 mL = n(Cr207 ) X %: 5. 452 X 10 4 mol |

hence n(Cr207 )consumcd 1mt1a1 n(Cr207 ) remammg n(Cr207 )
: = 0.005961 x 0.1000 - 5. 452 X 10“
= 5 095 x 107 rnol : :

,hence n(CH3CH20H) s mL ahquot n(Cr207 ) x 5 =35, 095 X 10 S % % -

. . =7.643 x 105m01

Co : . 5

[CH:CH,OH] = 20 _ 7.643x 10_3 = 1.529 % 10 molLl
- Litres . 5.00x 10

'{CH3CH20H] 1. 529 x 10 X {(2 X 12 01) +(6x1 008) + 16} '

“1529x102x46068 07’042gL1

i e R g

‘ _ thlS is over the legal hmlt of 50 mg per 100 mL.



neentration:o

P

Error. minimisation can beincorporated into. good technique (teplicates, funinel out of burette; correct:
indicators). ‘




'mass is also desirable; , =
" cost/environmental étc factors associated with the components. These matters related to the apphcauons
‘may be dlscussed separately, or. mtegratcd mto the dlscussmn of the cell types R S

reactions; and ﬂmclr combmahon, based on electron transfer: The. anode and’ cathode pcrhaps' the cell o

11d be defirie

”As the objécuve is 4to‘ btam energy, the more energyihe better. S
avourable attribute;’ For portable apphcatlons' a low- o

ber of ¢oulombs available, s0.a high voltage is

‘is rechargeability. ‘This must sometimes be balanced against the

Dlscussmn of or referral to the cells/batterles hsted m the table IS ESSENTIAL'
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