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Quantitative analysis

Read through the whole method before starting any practical work. Where approprialte, prepare a
table for your results in the space provided.

Show the precision of the apparatus you used in the data you record.

Show your working and appropriate significant figures in the answer lo each step of your calculations.

1

Magnesium reacts with different acids, including organic acids, to form a sait gnd hydrogert You
will measure the volume of hydrogen formed when a known mass of magnesium reacts with

excess carboxylic acid.

FA 1 is magnesium, Mg. o
FA 2 is a carboxylic acid, RCH,COOH. R does not contain an acidic hydrogen.

(a)

Method

-

Weigh the container with FA 1. Record the mass in the space for results.

Fill the tub with water to a depth of approximately Scm. ‘ _
Fill the 250 cm® measuring cylinder completely with water. Holding a piece of paper

towel firmly over the top, invert the measuring cylinder and place it in the water in

the tub. )
Remove the paper towel and clamp the inveried measuring cylinder so the open end is

in the water just above the base of the lub.
Use the 50 cm® measuring cylinder to transfer 50.0cm”® of FA 2 into the flask labelled X.
Check that the bung fits tightly inlo the neck of flask X, clamp flask X and place the end

of the delivery tube into the inverted 250 cm® measuring cylinder.
Remove the bung from the neck of the flask. Add all the FA 1 to the acid in the flask
and replace the bung immediately. Remove the flask from the clamp and swirl it to mix

the contents.
Replace the flask in the clamp and leave until the fizzing stops. Swirl the

flask occasionally.
Weigh the container with any residual FA 1. Record the mass.

_Calculate and record the mass of FA 1 that reacts with the acid.
When no more gas is collected, record the final volume of gas produced to the

nearest cm>.

You may wish to start Question 2 or Question 3 while the gas is being collected.

Keep FA 2 for use in Question 3,

Results
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(b) Calculations

(i) Calculate the amount, in mol, of magnesium added to flask X.

% B = &.]7)“{3 el
gt .
amount of Mg = 5'}7":‘i° mol [1]

(ii) Write an ionic equation for the reaction between magnesium and the carboxylic acid.
Include state symbols.

Mo, 12 ROERA . 2. 2. . 2Roeon fif
(iii) Calculate the volume, in cm?, of hydrogen expected to form in the reaction.
-3
nH:- 6* 174 ‘]u
o bPlatea P,

- |L{? Cm" vclumean2=

(¢) Astudent carries out the method in 1(a). The volume of hydrogen collected is smaller
than expected.

...cm? [1]

Suggest two reasons why the student collected a smaller volume of hydrogen
than expected

reason 1. PJ"“V‘ULCDL h’dfp en . Qﬁcﬂréi

---------------------------------------------------------------------------------------------------------------------------------------------------

reason 2 ﬂm.ﬂ‘t 15!]"‘11}“”-’-'4 W‘th [\l‘iD on... -Hmiwfu-g .

mﬂ}ofmmmmot-tfwmwmr
[2]

(d) State the uncertainty in a single balance reading for the balance you used in 1{a).
uncertainty = + T ] g

Hence, calculate the maximum percentage error in the mass of magnesium, FA 1, used.

o a0l x>
e S g3
VI 13

53 % [1]

Maximum Percentage BITOT = ........iiiiiisicreissiassstsansesirasasanssasnenes

[Total: 9]
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Carboxylic acids may have other atoms or groups subslitute

R'CHZCOOH is the monosu
or C . Hsiq

e e

You will carry out a titration using s

molecular mass, M,, of the monosu

R'CHZCOOH(aq) + NaOH(aq) —» R'CHZCOONa(aq) + H,0(l)

4

d for hydrogen in the chain.

odium hydroxide of known concentration to find the relative
bstituted carboxylic acid, RCHZCOOH.

The end-point is the appearance of the first permanent blue colour. Assume that the sodium
hydroxide is too dilute for any significant hydrolysis of the halogen.

FA 3 is 0.0950 moldm™ sodium hydroxide, NaOH.
FA 4 is 15.28gdm™3 monosubstituted carboxylic acid, R'CHZCOOH.

FA 5 is thymolphthalein indicator.

(a) Method

Fill the burette with FA 3. H c
Pipette 25.0 cm? of FA 4 into a conical flask.

Add a few drops of FA 5 to the same conical flask.
Perform a rough titration and record your burette readings.

b — e
Lritla | yeadsng fomd | 15
Fanal  reodimg lemf 34 95
—t ___ ETI— )’(7 - ‘g -
! fatre B 25,80 [ rOUGN tIlre = oovvicciicnicsniniia it
+  Carry out as many accurate fitrations as you think necessary to obtain

consistent results.
Make sure any recorded results show the precision of your practical work.

. Record in a suitable form all your burette readings and the volume of FA 3 added in
each accurate titration.

- GITY

.

bstituted acid of R'CH,COOH, where Zis a halogen. R" may be H

\
lqj ] - -
4B AR T o (0md dm

- iy i<
ﬁc&urmt -H-I:l'HitnT ® @

(b) From your accurate titration results, calculate a suitable mean value to use in your
calculations. Show clearly how you obtain the mean value.

Lo+ b
;}6_5_9_--- =u.Lo

2
25.0cm® of FA 4 required }é=30 em” of FA 3.

Tevial re«d;:]_ﬁw-’ | o ]o % i
Final  yeadsnd [om> | 2447 }5:5; "
Tuire [em® 2""1?*_ %30 | :I
Vil
[7]
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(c) Calculations

(i) Give your answers to 2(c)(ii), 2(c)(iii) and 2(c)(iv) to an appropriate number of
significant figures. 1]

(i) Calculate the amount, in mol, of sodium hydmxi{ie in the volume of FA 3 in 2(b).
n=_C\ =o° 7&0»-4'4#:)’ '15\}D£ }Dd;dm
o3 -
= 20k 2w gountofNaoH = . YK B ol 1]

(iii) Calculate the cﬂncentratian, in moldm™, of the monosubstituted carboxylic acid in FA 4.

n“cﬁl ‘}SDRI‘D M -3

IU{P 1’: o. ]ﬂﬂmg\dm

H l
- ——r-: d
* TV 23°%ncentration of RCHZCOOH = ... 2[®9 moldm [1]
(iv) Calculate the relative molecular mass, M, of the monosubstituted carboxylic acid
in FA 4.
Show your working.

e ST - ggeat = 53 gl

%0l M, of RCHZCOOH = .o $ B [1]

(d) (i) Afresh sample of FA 4 reacts with excess hot aqueous sodium hydroxide. The resulting
solution is neutralised with nitric acid. This solution is FA 6.
Carry out a test on FA 6 to determine the identity of Z.

reagents ﬁ?u@%ﬁ‘j!\fﬂ A?"‘WS . NH} oL N—
observations .......Cxeam..... W‘t fﬂrmﬁ rﬂf*iﬂ'ﬂl‘f .{DJ.HHE{
...Mf..v:ﬂm,{ AL L

identity of Z ......... BY
[2]

(i) Suggest why nitric acid is added to make FA 6 before carrying out your test in 2(d)(i).
o...hgutrehse... o6 @SS Sedium.... ydroxide.........

‘...Mﬁ}‘t,.rﬁ....,EQHT._‘:-:?.,,./JF?.;R:l:,,.c!'.L}.?..h......ﬁﬂ.,,@,,.;,.;...___brmn.,,...}.’f‘i:.:, 1)

(e) Use your answers to 2(c)(iv) and 2(d)(i) to calculate the relative formula mass of group R,
Hence, identify group R’ in FA 4.

|53 - 32— 13 =80~}

- JS relative formula mass of R' = I-k
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i ing the same concentrations of FA 3
Two students correctly carry out the method in 2(a) using t :
W and FA 4 in separate experiments. The difference between the students’ mean accurate

titres is 0.35¢cm®.

Suggest why the students identify the same R’ group.
(Do not attempt a calculation.)

The... difierence .. a6 ... angigficons ... ompered.. ity
the.  total velume..24.. Fﬁ%fﬁuwd

..................................
--------------------------------------
---------------------------------------------------------------------

[Total: 18]
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Qualitative analysis

For each test, you should record all your observations in the spaces provided.

Examples of observations include:

*  colour changes seen :
*  the formation of any precipitate and its solubility (where appropriate) in an excess of the

reagenl added
+  the formation of any gas and its identification (where appropriate) by a suitable test.

You should record clearly at what stage in a test an observation is made.

Where no change is observed, you should write ‘no change'.

Where reagents are selected for use in a test, the name or correct formula of the element or
compound must be given.

If any solution is warmed, a boiling tube must be used. If any solid is heated, a hard-glass test-tube
must be used.

Rinse and reuse test-tubes and boiling tubes where possible.

No additional tests should be attempted.

3 Half-fill the 250em? beaker with water and place it on a tripod and gauze. Heat the water until
boiling then switch off your Bunsen burner. This is your hot water-bath.

(a) Some organic acids contain an unsaturated hydrocarbon group.
Carry out an experiment using the reagents supplied to determine whether the R group in

_FA 2 is unsaturated.
/ Record your test, observations and conclusion. 0 hat yater- b

”‘;‘?:1'% test .. Pldal ﬂ:zw[‘{ifi M Oy Oy (o) to. HJ\), 'ﬂl&n rut the . test tube
5 H]:T:hb observations ... N v.. E}l"'hjﬂh

conclusion .. F\ ﬁjrﬁu}? f'/‘\)’ ‘S#ﬁﬁtwﬂted

[2]
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(b) FAT and FA 8 are aqueous solutions of ionic compounds. E
FA 7 contains one cation and two anions. £
FA 8 contains one cation and one anion. _ i
Three of the five ions are listed in the Qualitative analysis notes. g
(i) Carry out the following tests and record your observations in Table 3.1. *g:
o
Use a 1cm depth of FA 7 or FA 8 in a test-tube for each test. 3
Table 3.1 - -
Cv}f ! _SQQ " lNU{ V;i JI—' 5
t /? observations > g
est -
7 FA 8
BD o
;Et 1 ; GYE\!_ t]em PPt s Gluble. =
aqueous sodium { s w
g | hydroxide, n exeess, gaong 4 dovg No Ch pi’lj © g
Cy €+then veen gelwfton | " c
pour the mixture into a g
boiling tube and heat =
gen“y. HD Ckauj e‘

. (T - i i e
add a piece of P duce of z
_ /- | aluminium foil. T’ﬂ%'ﬂ . The pr? 4 c] %
i / i T tuns -~ damp ved Yiemus s
popey  blue . £
Test 2 S =
Add agueous ammonia. GrE)l" jmr‘ fF'tu ) THIDL“HE =
++ . No a::}mn je, £
O - Sn excest :
z
Test 3 <
Add aqueous No C}lﬂﬁj e }7 ale blue Ipt. 15 (u(H

copper(ll) sulfate.

Test 4

Add aqueous barium
chloride or aqueous barium
nitrate,

—fa‘mt White PPt

N

Serton |
"\add nitric acid. h e ﬂ’t digso 21,_;.7;;":“}1
No ¢ e A Colowless  Solution.
Test 5

Add agueous silver nitrate,

No G}lﬂnsjg ,

&awr\ F}?{

&

Test 6
Add FA 8 until in excess.

=

ﬁF‘T ‘j"‘:ﬂ‘ rf’tu Goluble 3n
-exeess j%ﬁnj o davh fjm?n

Q*"‘ih‘t'r@n

[7]
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(i) Identify the cations in FA 7 and FA 8. If you are unable to positively identify an ion or
lons, write 'unknown'.

},+
cation in FA T Cr cation in FA 8 uﬂkﬁbwﬂm

(ili) Suggest the possible identities of the anions in FA ? Give reasons for your answer.
SOl epts Wit B2 te e e, ﬂ’e
e 38 sweebdle an e eéd .
Noy...X. Hf’ E&ﬁ@.@&&.....ﬂ...,..Kﬁa,éﬁri...'sm:th.,...ﬁ.L,......j{.f?:-.l....fi.f.... 2]

(iv) Id llfy thé’.r g’}?ﬂn 1lrrlmF‘£?E 9”3&.':5:13 Cn dirfm )

sl FAS.......OH . H

[Total: 13]



