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FEDERAL UNIVERSITY OF PETROLEUM RESOURCES, EFFURUN, DELTA STATE
COLLEGE OF SCIENCE
DEPARTMENT OF CHEMISTRY
SECOND SEMESTER EXAMINATION 2023/2024 SESSION OCTOBER 2024
COURSE TITLE: ANALYTICAL CHEMISTRY 1 COURS CODE; CHM221
INSTRUCTION:  ANSWER THREE QUESTIONS ONLY TIME: 2HOURS
QUESTION ONE
(a) Describe the steps involved in the process of solvent extraction. 8marks
(b) Compare and contrast, Gas Chromatograp'yy (GC) and Paper Chromatography (PC), highlighting
their principles and applications. 10marks
(c) Define ion exchange and explain the principle behind this separation method, Smaris
QUESTION TWO
(a) Discuss two industrial applications of jon exchange in water purification or biomolecule
separation. §marks
(b) What are the key factors that influence the separation of compounds in column
chromatography? Smarks
(c) Explain the principles of electrophoresis and how it can be used for the separation of
proteins and nucleic acid. 10marks
QUESTION THREE
a) Distinguish between accuracy and prodision Smiks
{u} A siandard containing 50.0 ppm Ci voas onalysed by two methods, 1 and 2, The resul's
frem method 1 averaged at 50.06 ppn: Cl while that from method 2 averaged at 50.38ppm
¢'1. Explain the conclusion that can be drawn from the results of the two methods. $marks
(¢! The following results were obtained in the gravimetric determination of a precipitate,
10marks
i 22.64
ii. 22.54
iii. z2.22
iv, 22.69
Apply a statistical test to determine if all the four values can be used to evaluate the mean or
not, and determine the mean. Use the table below.

“(n) ~_Value of Ry/Rj at 99% probability leve] '
- 9.0 B
6 33
10 2]

{n) = numberof readings =~ —_—
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QUESTION FOUR
(a) Give three possible causes of iImpurities in a precipitat
i - - id
the impurities could be removed
(b) Carbon and hy drogen content in

e. and suggest three ways each of

a sample were determined by combustion analysis
P ! : 1 ) 1 analysis,
P‘\i\ hena 0.5123g sample was carried out through the analysis, 1.2119 of CO» and
0.2482g of H20 were collected. o h

L \lllml 31«: the percentage w/w of carbon and hydrogen in the compound?
. What is the empirical formula of the compound?

(¢) Thf’ calcium in a 200.0mL sample of a natural water was determined by precipitating the
uatl(?n as calcium oxalate (CaC204). The precipitate was filtered. washed and ignitedain a
crucible with an empty mass of 20.6002g. The mass of the crucible plus CaQ
1‘56.07"7ge’molcj was 26.7134g. Calculate the concentration of caleium (40.078g/mol) in
water m unit of grams per 100mL of the water.

CAUESTION FIVE

{2) What is neutralisation titration?

(1) Caleulate the mass of silver carbonate (AgaCOz) that is formed when 25.00 of
0.20moldin® AgNQj; solution is made to react with 50.00cm* of 0.08moldm™ sodiur:
carbonate (Na>2CO3) solution.

A 23.00cm? portion of 0.30moldm™ of sodium oxalate (N22C204) solution was warm:
and tiirated against acidified potassitun tetraoxomanganate!vii) solntion. If 43.00¢r+7 of

: the concentraiion o

(c

KMnQy solution was needed for the redoy titration,
EANO);y solution i 5. moldm™ i gdm?

END OF PAPEP
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Paper 2 of 5 — CHM 221 Past Questions - Analytical Chemistry
(2018/2019)

Level 200 ¢ First Semester ¢ PastQuestion

m FEDERAL UNIVERSITY OF PETROLEUM RESOURCES, EFFURUN

ee va DEPARTMENT OF CHEMISTRY a

SECOND SEMESTER EXAMINATION, 2018/2019 SESSION VL iu

7 ANALYTICAL’ CHEMISTRY, chaz _ TIME: 2HOURS

INSTRUCTION: ANSWER TAREE Questions ONLY

1 (a) If precision tends to blur the dxistence lof systematic errors, explain two different auxillary
; surements that could be performed to check them. '

(b) Two different determinations on a sample of rock using different methods showed that the
percentage magnesium content of the rock sample is as stated below:

Methodl — - 10,05+ 0,35

Method 2 : 10.45+ 0.05,

4a’

i'5 Pett

Which of the reswHS is more precise and, why?

D Tapert

bes is more accurate and why? le ae;

{g) Wifat is the relationship between,bias and systematic error?

2 (a) ne the steps involved in calculating the standard deviation of a given set of analytical data.

(b) A geochemist analysed the leve|s of lead metals in a sample of crude oil from Bonga Oil Well in
the

Niger, Delta S imentary basin using atomic absor ption spectrometer and inductively coupled
plasma

meter, and their means came out to be 22.54ppm and 22.4ppm. In both instruments the
standare deviation of the data was éalculatéd to be 0.08. Using.t — test statistics, test the
significance of

the-resultsat 99% probability level. ° Uf oP MIX <

(c)State two other statistical tests that can used to test for the level of significance of a set of
analytical data. |

.3 (a) Explain the sources of precipitation in gravimetry.
derientelbree “fig Beet : i Oy

_ {b) Discuss the approaches used in causing a colloid to coagulate
(c}How long, will it take to remove all copper from one litre of 1.0 M solution of Cu2*

assuming a current

of 0.2 Amperesi is ‘applied and the electrolytic cell achieved a 50% efficiency?
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4 (a) Disti

fish j in strict terms, between’ equivalence point and end-point,
(ey (i i) What i isa primary standard? A standard ‘solution?

a plain the desired Piohe tes of a primary standard.

tii) What are the qualities ofa ‘prirnary standard solution?
(c) Differentiate between molarity and normality.
me Jae END OF PAPER
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Paper 3 of 5 — CHM221, 2024 ANALYTICAL CHEMISTRY past
question

Level 200 ¢ Second Semester ¢ PastQuestion

This source paper is a scanned document; its pages are reproduced below.

. FDERAL UNIVERSIEY OF PETROLECM RESOURCES, EFFURL N.DELTA STATI
: ik COLLEGE OF SCIENCT
DI PARTMEN T OF CHENMINSTRY
024 SESSHON OCIORER 2024
I COURS CODI CHIVE22]
Finvil: 2ZHOURS

CECOND SEMEPSTER EXAMINATION 20257

COURSE TUTTE: ANATY TICAL CHENISTI

INSTRUCTION::  ANSWER THREE  QUESTIONS ONLY

QUESTTION ONI

Smarks

" . 1 1 1cies
( o | I e i aily ed | m | Iven i |I
P L oompar ' witrnst, Gas Chromatograpes fGf) i I Paper Chron
. Jeatioms. Tomarks
1l "||||-I||.' e i = -
‘ . r i e pru hined 1l l podl. Smars
[y ] fii 11 ¢ | ] 11 LR 1% |
QUESTION TWO
P o sy evchanee | alel irificatio i L
() Discuss two industrial applications of 1on exchange in w
separation, Smarks :
(b1 What are the kev [actors that influence the separaiion ¢ &
chromatography? Smiarks .
S i 1 how it ean be used for the li
(¢) Fyplain the principles of elecirophores1s and | it can be used for 1
proteins and nucleic acid. 10marks
QU ESTION THREE
| |J|-'\"f-|'._:_'1|i'-\|‘| Fotswweeen aracy and o 1on Smks
v A sandard containg 50.0 ppm O tvsed by two metihods. 1 P >
11 - { ey - o Yomnreramner oot S
(rorm method 1 averaged at 30.06 ppm: 1 while that from method 2 averaged at SU
o . 5 , S | T 5
be arawn from the results of the two methods. 8marks

(‘1. Explain the conclusion that ¢

I'he following results were obtained in the gravimetric determinaticnora p

10narks

i 22.64
i, 22.54
ii. 22.22

iv. 22.69
ypply a statistical test to determine if all the four values can be used to evaluate the mean or

not. and determine the mean. Use the table below.

.  Value of Ri/R2 at 99% probability level

(11)

4 9.0

r s e |

i) i

it 2

(n) = number of readings el e I e Y |
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Paper 5 of 5 — CHM 221 ANALYTICS CHEMISTRY

Level 200 ¢ First Semester « Handout

This source paper is a scanned document; its pages are reproduced below.

itm Q0
e

L (RAV I m E TR~ ]
, K ; PRI ement 1
e { . R I 2" - FTLLLG -
j B AL e v el UPEN Tha
(It i |_"-__'_._1.A &y (a 2@ & O ; :
i J\ 5 i : Lalanes L“:] §

._..T.tf.,ﬁbn U'f q 4

| v

= By g -
f~|" AN » '__'I e "'i.\.i_;l.':tut._r‘-%\\e{_ df_{t\- VY f-u" ey t8 Qf';‘;é’ﬂ)"‘-.

- s A JJ ‘L‘—"-.'a
ahda ¥allon fkes 53,

Conwesrsion oF fha

E LN e {'ﬁ__;f'. 2N 2% ; !;3}__-_{ '*f- St G

Ly a6 e prpik?

E‘_F G W A SQ {Wt:'_‘.:"ﬂ o

o Condoms p::i-‘m_%-"b )
]

n
lel-'(_’\_":“h % :{'.-\l lfl:LR_ ':-)Vt'_! “f 1_11.51::"5._ ]_}Q—Q

EEOE  Fonovan r’_c.--""\"iﬁ‘- {ITm.r Gasl 'F"“_("“'j

l}"\E.C.L‘:L{TL.%_Q_ |‘\1 2 r)‘-\‘J'd.LLL.

maid b )

2ol
fl (i_,: '(cl_t' TN -y -~\-_‘3 S
Kaowm C r_—n-_.r,,'--,*,-_{-\%\_ &f e

¥

Weigluia Hee prespdsie 60
&l { |

el Uffeceatr, Fom  Hae Mol Gal
o (rTopand o0 (G be A oo
P‘“”- 10, ILa_tl-_.x‘_, s Emionks D{ o &

“TMPES Of GRAVIMETRLL METHESS

| i.'_‘_.
e mettety T

7 i

alakn_ 4 a el
L LJ‘ i E}'_ o et = '—llft S
=6l sAnAkERs TG : .
b T pad : .,E hosseves, 2 ".L) T R0l I'-_. M, 'jJ_"..L_: .'f.:.{-.._f.l.I
Lk ( precptsh® e i

by Renance 12
renance.app * Download Renance on Google Play



Renanced

CHM 221 | FUPRE

panidor TR0 SEWAS
1 3...1&59& sl

ot VO pedi

T i,tr.h aedley 2
SR dvenay R
8 macesd = Pow 3 .\ﬁwJ,et:n_cr;

ER e sy Hrahp 4w el
4 5] oy o \Jle\KYud[4A oy M Ad\«w.‘ctﬁm_.drr_ |

= .Is.m\...gfa\.uk_ A\E@L.W .

P J‘.‘f.ﬁcu %0 T i o
o s S
R R

B \ﬂsmjg :

e e B R 4]

= bl .Lr WToe| R 2 wanfaag
ey e :_\”u._..»a =y U YO g \,u,).mec)uﬁ\
S 2 it van aaed .«.u.m.\lat%\
ﬁf#w)m;tb;m& 2 Fa g o
% ‘ o

buysergayas [Fu2dwe U Sameoard)
wae) s @ e Sy

y ml,«{_.ﬁuj O.fv:;b dh«dn.w.g
b g

= |
e .m,nu..\.,.g >0

EEe) m.}urmd.v‘:cdp Jjw.u.w.;»& e ) ﬂ‘ﬁn.yﬁ e 27 %

e R T ) «iﬁaﬁw aotaii p fy wapveg Ty dwos swa D At

(LG

vy, 5

=

7
w. Yo e

e g 4

o2 .ﬁ.\hk V0L D Fyom I

“..\_ ..5@.@._ ,_",.u “ﬂ\ﬂ

ey

PJ_.JL\%‘TQV.Q T fa "I o R ) SO

13

by Renance
renance.app * Download Renance on Google Play



CHM 221 | FUPRE Renanced

1o Impeove. ¢ metod’s Sensbify
et

e ;qlll 1 s H-0¥ 5 1}-_\ Yobhg oy s e -;I'_'.lt.':.llq__'lj malee pas o ':C't' L2
b, P Ralpa ko frm 9 precatete nat & (argest

a8l Frmals WESEhE

.,

e it conkan fewese untht
-._b: v B L .-] J,—_ﬂn_(_g],._l—;k-t ﬁ_f

Selool e preesp ek 1:3'-1 chlomds, becouss th alin frema

— E‘ﬂ..,,,:':h. Gad vockole . later Forenks ane bften &
s WP st L. Covasielax 1 Glouvats  Teanlbs Qe tg
ot saal

ﬂ.—
e
Vi — L’—Q‘-”ﬂ’d
s AL, Cosk M"’* taktoadur OAD X Gre tj firee ﬂi‘-'— =X Lf
e e y
o

) — = i { .
."' TRR, 0 b e \;i} ¢ \v\...'\.ﬂ--p"'\d "f’ 5'-1.‘“1‘!],'; h\ [ul_s'-:l_-}'z\’.‘ == ,-‘.P-.e.-u.'m_ e |

i 35

o L . G Lam 0 futter ! cloveas, Ovens o Quena o

uv.—ﬁ“f.‘-‘:',_qh e gk IIIJ—'-L'--'-L.{J_; tonk

by Renance
renance.app * Download Renance on Google Play

14



CHM 221 | FUPRE

Renanced
AT o Gﬁ‘.&dr:‘nagz [..,,‘-; g
e —— — T
o/

= ¥ iR
—  ErrTnnls R e o ; q .
B i Ve ol oF 9 W s to the ﬂw-f‘j Oy Ches o
A = Oy M@ b £||_ - Jhi
By Samgla. Qax w rawlhsn o ,
forpst KR (300 J Oheage

o CRaiis . 3 *
A be coen *’-.n'"'_'fj TR = = 'ﬁ:P Ond e F}'” p(

& \alile

—JHECRT Anb PRACT(CE OF VOATILzAT,

R MAym ETRy
l"'.fu:__{,.{,-_-:1 Cin C\uljhg 3 dweel Uy e ol Lc_t:

VC']C\EJ_JIU__EILL-‘. NF Gannng f“j
Llawa i 2O ure 8 el tre Kol 'HV‘? ' :
1 J = =t ~  frovphua s O (ke el R j"Jhi'\';-n

el Q P:."-ﬂ Lo )
o N 2 S : 5
J {“ 3 LT-:,'I(;"-"‘- & Cam foeoe Il'--: s

r-r.n. gl'_.lﬁl,‘ =

Aln Rixa. Bual o ven ™
. Jua swel a3 CD, #,0 4,
S 1oy :’H"ﬂ S<hit ‘hﬁnrﬂ-’\‘-'\},, I sress ) H\a_

¥ AN )~
ARG -_:-,-I.n__:_ T g‘_b_\;-,.\ ‘k*""‘j’-i‘“—‘—-%‘ufe_ i

e e L —{2’ -
=5 R O Meniaa e P 1
PR WtdTure ll.l"y =y G |
Caobea = {?;\,4.1 ol ; m
I = Iy
lkﬂ, ¥ el 2l W }‘_' VP T T

=R el e @ II"-_ Wiz -I o F —_——
Lpenze R wstdey S pla « To  dabtrms

'J,,,-_‘.{lu.l'_fj c'fl"n

.--"'1 Rt 5 o H o
Foy

AR

H AL ST E“ == ol - &
; T gick T a il o o ¥ Henil Cormpoead]

Chke sice ol o = ™ o [
R To _La .y D-\! é‘i';, Corn b 3 o, {’1‘ G Lk i‘a ( )

o

3- ELE{TR‘:‘(;J\.”V}]\‘\.ETJ{\(

ll‘l_ o 8 t_n_. f AT} TR, o ..1.‘} , W de o ‘:i—e_ e (_—;_.l_l“} o a

(Ga elocbuda) In

s a sotol feln
v Qa Qloctis chaacesd Cel - F-?!' =

JT'Grnr L{) L.F e

e WS £ Gy - 7 e 3
Peae (e {f elaetrdes 1h e S Gomg (g, (""‘““"j"&l
F2EE e B ?21' g’ 2y
»..nD Jb Chn o qf}”j aQ SJhT {&f*fj Pos &
- A W Patfeaty
e FJ

240 e, H-\-e_,h ‘FU'\" P

- (.gn'j {"5:1'1.1.) we (En 3L{‘n,:‘ F)&,OQ_ -
P;;-'U _f' H “lql»_;;:ﬂ PA O?‘u;f' Ha.cg;"f‘ QHEO;:U
@‘“—ff‘avh‘

5 Bt Azposks PhOy on Hhes ft Govdas (£ e wegh 8

=

; il
2aels. Lefore @b aflec appl 973 o yoteatad, e Choay '1.__.

by Renance

15
renance.app * Download Renance on Google Play



CHM 221 | FUPRE

: Wl AT E "l
IaR LA N f_‘ KAy y
e [ m— A O
- e

Iz rodh LAt ] - J T Gl
[ BN i
| < j-r:j‘ the I{,[‘ O e s

o s Lrnple g s :
! ol g - . )
*‘f{m 2 S ) ST
S | — " . L I* WV REL MY Oy~ e« (¥ coba
\.'I‘-'-' :-".L il g g T (:_é,b_\” } 2 T8 ot

Lf’ FI]’{_. i At

P é S laio ; ’:J_'TJ f\'u’lr}

raed ) Sepagabn

Sus I "-"'_'f'-'. d Yo, d1 0, tae Rscgoule

\4"E\(l:j 4 { Uy

e
e G

7 'I»G_ -

".':J—'_t A Lo wJ - E!‘.}i"n o ~ 3 ( h

3 5 P, yov rads IE Hosugh @ prenses wybie ol
f g . i |

; |
ShA Hoek SCAcims . o r
f [{4 thes, Swspead od Solidls, Gan dey Mo frlbes
£ N a4 Foe ¥ . = 2 5 p WP
=15 o Tt u.1.:-_, FRA e | mootatuss . Tdhe piaar of Sdreadld

e -"‘--"’]‘—:\... éP" E’"-'-‘-.,'— 1 '1I‘. o |—: T .' A MG I &l “.

| ‘.E_'.'“ ;\-H ™ o33

~—THEDRY  AND PRACTce BF PARTICULATE GRAVIMEFRY

- __I‘|’ » o [‘ o e H,‘..“‘-?(_\ ( W SCGe .'.__'{' -,_-';'f'} & J‘-'|'.' Aerwlate "-;; ‘-F-I"‘r A

e ey TR !{:T-.'r L3 ]'..I_h'r-_ !'\ .IJ.\
0o Lhe rotrinat gk pasit Csorvent ; : (
e boles DPrem f=us g, Ligw
o A - - el L2 e e 3 ?
. otk pas trelhlo J
e Sepeeeks : o L I
¥ : i ~d WSlant, &3 '»L‘S.f—:{wl {1y
| e ooy melEye,
sy Selal i'f'-ll.Li'J_f?(“‘ j\ RS0 I
v o R | - D=
b R _‘;:JL,_J, 3
Ay
. olukes ©
])Q-.i't'CL“’ S

- o

L'j ’\,Use!'_.& -":\ F Gty 'ECJ-*:__
L‘Z‘L } il:u\-x o t@

C’jl v r.\_gf,_'\

'\__C-l ) "‘ W 11 T C,E‘L;m :

Ly (.? < 1% d-‘._{'_t—u‘:-\ .

by Renance
renance.app * Download Renance on Google Play

Renanced



Renanced

CHM 221 | FUPRE

\\

faned s = R

L D Eene
alle e

cess) AP o

5458 E L o a1y
W 18 “\u .m =N ool Iviiﬁﬁwd ‘
B

Yoy o wid LN =t s asego oy

_@\%q e Mooy U MU %—A.ﬁu;t M,Cﬁw&u o %dil.ﬁ \zgm\\
)

Q;Qm{ ——"ND + m(

S
yragetl T ey g
W ey e sps ky Boan ) P mbwos veng g
FETL) 72ps o o oy ey pmyEregeD TR0 do oo =
2 o w ey Reenp s o6 e amrdoas] @1 TRvery )

| .|:_§v.¢

g

» Bayraea el 40 spPT i

F= _zwd.m..u: g gl 3 S gD ceE 28 A )
&iaijgn_?u‘ edas AR op T = fae
sioun T BVE
4 :
S STV sy FPPmag o myang 2R oy Rep Qo
UL s =
= eeng v, 2 g g JVz\_w.ﬁ\u\; AN _,.r%wﬁlr\s 1) 2
s e *,.,. Vi o « Brorrann e f peg i &
0 e Soy AT o pRE A
& -
Lt Moy raos Wy sormad G p panesd
z SRR 3
onxy 3 s LT iy ‘w._%m_d.&b e pprwnmath WY }

Ay 3R S = e
S0 P ;

x5 gt Al

17

by Renance
renance.app * Download Renance on Google Play



Renanced

CHM 221 | FUPRE

T R

Qol X ~ P .ho\w.i\

G 7e-0 k.
=
wmeim.fxmaé stto 0 Vi, et e
Wi * M

b+t = -
o | = "GO T+ wpu
Jow Str0-0 = \% .
e 25
5& “hmg in

\\l\\\\\
e

e = ¢ m ™

o eadwe 57

.w,m.Jﬂ.,.p?r 250 ™

, pew 2 e T e B R D
Lo e v
= Py neD >5M (¢

(oD sy Py

mv.l.ﬂ_.r,u 4 Ry I

s e kb ChTl

s C8he-Q 4
. [ sziS-0 5 cd):é 765

\A.M ‘—.« J(\uﬂ g fa_w._ﬂu, ?fv_,U

Frte) 2 g | . o P
G qu Luryrp e “HAn R y%?ﬂ&lw\m A —\h. ﬁ \.U ;w\\l
- o T T -
Y oot
ELIN-C
\M\WNG = = Qo P s5-0 7 _m.@an;@ = qu_.&.qu,r..\,@ \_..5 M\r\,

,Ufmgmm
L) o el o I

mdwas kg gy
corsl GRS ¢ ARG = s b
,.pu umr.log VY

rusipY

——

Yx0s| = Qo] KE
Mdro.a
e
*.0 - u#) i3
i i t=A1] = unm, i

18

by Renance
renance.app * Download Renance on Google Play



CHM 221 | FUPRE Renanced

by Renance 19
renance.app ¢ Download Renance on Google Play



CHM 221 | FUPRE

Renanced

by 2

s bt Codvmar s, ..\E‘\_, AT A
b OF aq Orpesmed )
F B .. = o ¢ 2 . " e
,___.-‘! ‘{\_-\_ \'i A & [ o'F MLy Byl L. L ] C;
: N oy d e (- R bt R oy £
| by brest I
L'_J"._i,‘;_'l:*' Tanl ""h@ o - - e

t Qs I

i

A b '-“L(B fini . ":7 (Ad = '\ I . .‘:D E“ LMQ}‘L
’ (3 L O rlu i lf‘-’T F:“"?»\"’
A, TEEE

¥

RE Dy r-_1;3\:u-\}..

\ a W
: \ x [ L A e
Bmcel O Whek v Ve

Mcce mags

Mo £o,0, = OBA1g =

(66 Ymf
mele. % [
b-bolz0é "

A o\

il

by Renance 20
renance.app * Download Renance on Google Play



CHM 221 | FUPRE Renanced

O\ ga o

—~pt2 — 0:0/28 mof
h’. 9 | v 00128 f
&)

ths

S29

S ZF

Hha —Ern Py it o a‘(l- ;

by Renance 21
renance.app * Download Renance on Google Play



Renanced

CHM 221 | FUPRE

!

mpostaak puints o conemtr in salhsy 2o pranili o
e e OF moletwley o o . :
ghe numbes PF mOLLEND FF faek Cf R RSIEINE AR .
y ol wobe s Ly Suel dap teyieem 5 001
[Ral / i . q,.ﬁ». m,%nt

Ly ot hmare Y ~Q 5 e A ¥
Jicel Sk TRl o rlR Ww& i n.nesbr\_?m‘&an
i WO hﬁs \ 3 ¢
/ &g b 5 = 8 /
bple)) of tha Subibteas g
{5 st g nomemlir a.$ - |
s ple Gt ur the bt g

, ¥
whitone o (erenfilie b Lesx |
e il o nLEth mvw&\ﬁ LA by e
. et m.qmﬂ\m,ﬂ.v -

7

22

by Renance
renance.app ¢ Download Renance on Google Play



CHM 221 | FUPRE Renanced

= d it =
3 Aus = R o ﬂ:.s-r.xr:rﬂ
S LC&.‘I f-‘ ; % Ml_'l kill__'__lll‘l' AL '.I}.'Ir-ll{i‘_.' nNeEs | :

3 1A R 23 B 7 M}'p\.\:a
- = InSL = = Uy, - e
U Oo 2/ i L \_\ " mf

e W k= sesult

I G SRR R o uff-r\ﬂ-ll
S P U 4 M Qepyria ot tka prec - tel™= &
SLo: oo S Qacl e = ;
s &5 Crbns ap the precyutetds Surface 247Y;
- 3L L."L AL > @ p . [ o
U LA~ s J I &3“‘~-'«w{_ N C -'I.b'_'_.f—}. ,:__fj.,—q_ f;ﬂiu_;;%e_ '::QQ,CU.L&“{. ﬁ"g’j "'
t A Corraa?la g - [, -
«. S T | B8 s __._y—e‘-‘_ o ™
,fﬂ'—-ql .{}‘ﬁi X 1 8% ':_'t{ﬂ:nc_,%.._\ . Bphasera
£ ~ i
X I & e, 120, & , : :
1& {S"\D il .-| e -—4—& *f— TA‘!;—S [:j ; L . é_Cw'\vr La, {:’_a_g[‘_ 50 tlf‘ﬂ..'f
3 et < I b 5 e - =
‘L{ LW A IT e eire’s e L:, Gl 'f-g_. S {?.Lf.g,\-d,_g_ Lo S
o, b gt Lon ol e SWefagg  heweves 3 btwnsd ts no porel
., Lore_ € s rclo. lona T _kf\‘ Cor AN r‘: { “ G_{ & 'i'LG..’CJ 2 A

> ..".'I I [’; AL LR (,_"‘_ H=tse ]'-"'.'i.;.'{.-f“- { L na__g}..s'_'_.i Mg es theo

i. & l,Z...||v-__( elbe S S f‘en_u‘,_ Qo G2 “4 WL Gl _Ft--' g I«.a.mfmﬂ

Qe Pl :‘: tke -'-'C—:é-gil-tsf\ 2 A=k [#o duen | Lp Ut Feas
! o
(Dommmmra o proadtes

\_,\’)'l LN /_’—)‘_EPME\_-P_A

Tl atlueles)

Jha « J-n[?uﬂ-{ﬁ.-i t

ALy Ly

(‘-_li ,} J D -{,-\.\. i 1')--*\ >
ok oF G peten b l-ffﬁE‘,d"Ftrr“l;’_\'D ton ihoie
o] v :
o _.S- o P iy ._.‘_I_R.é-r ‘{‘_t “ {Q% '-LQ“_ U:h'\ = M&j
j.lt;_i'_{j g

S TS €S gx &
B qnd Ot F 0 o Shualuce s 4o Sun SN
Supseddl e B oot . ik 1
d g P Pre “-Hf’«— Whan Hre
e
ottt vins  Consonbzabtiga . = e
Greakes than T Jppreast tha Gerount- “of aaal e
nat et Hat— tha prece denf-- &
thak ?re_w..}-:ﬁ% eRCER
Preseats t.-T'S\.A—E'\UU‘k ,,Lu{’ﬁw b rerove Sl U D ChomTtalhy
e b 1o Lathra © ha Saly hsay =
o o & presf o sl ReprecipiTATioN !
S

P N

ot -Fommm} €n

() Oneen s aG-L on o}

[nelusiS. Aases

by Renance 23
renance.app * Download Renance on Google Play



Renanced

CHM 221 | FUPRE

L Qg q_uﬁﬂufs; .__wrlqﬁ_

bielugids e

LS g focanl . | o

»

%ﬂ ﬁ(f\w_xfwj ;ud,)f wha :i.na.&..ﬂumdpﬂpm_v _‘r.w«,w
tho ?.H«U —u..ur.,,l(_cr?m.lf + O Relds -

Lon IS _.aﬁnrr.m\n,(nm Outhe
D\Pﬁ:{@ Morss natlia bt PR ey oty / A

Whh.ﬁ.}m & Sppac Lt

athite Shriety o~
- . , fuce
Bats  cggepetes Of oy poe,

»DA kel a Podtacle g -
Oc : g e :
T Telisin ...rw:wr:.u ) ,TA.LLWLL 4 _ou Coip i adels migay ¢

We Con meaimize celisibns Ly SQ.‘SJS_MM .
"_\46\.&%: e fy.i..zﬂ:.zi Attt Supecnataat Cof L o

n exofendad Bomos Jho precass s Callad o Pﬁmau._:o%

E«..wuw &rwg‘remﬁk idml de.ﬁh««?ﬁr natuce D_.ﬁ. e Woxrhrv\.j
[reece ot

'

b

L@pn_..é.»?.wvw:w?h 1A bkl B .kao:..rﬁ..eﬂ_.hww(,..ﬂ A simhees

A.m L3 A‘AJ PelB o g IR ey o = e D 7\/
. Liee s Tt thy OCLIWLiD~ 3 Teexpoied 1o the

- .mwF. Ciaal - o 7

FHARAL Solebion. Bocase Hhe cabes st closslu iz,
(s i e !
.«Im.ﬂﬂh%_#ﬂmﬁp Gan ..m.?_.z\ o 13 wfv Qw_vixngrﬁm

[

Gnd

2in) Om@f&?‘f &
3 Attt Precip kel & Conplae the SuTree. Contiuas fo
g\mrﬁnugl _LUUJM \m\?._) .w.nw;;wf) ¥ dﬁrnlW‘N Mw._\& _U}ﬂﬁm \LnP,M.O.n%
Compaze. G theiech x@.m.m S \éenrﬁﬁlu
Vrmﬁ Con

/

Safﬂm.__W\ﬁ S urfean .ﬂ%m,w%?,.? WK 0@92@,@.
B oo e tocs Wedalle Sppmes acea> e Gn
Teqrye Sufeg Qdiuletes by washsy e %TS?.%»W
ST L gl G i

24

by Renance
renance.app * Download Renance on Google Play



CHM 221 | FUPRE Renanced

Ctiy 22

Important points to remember in setting up gravimetric factors are:

The number of molecules of gach of the two substances ina gravimetric ratio must be
= such fthat they contain the same number of atoms of the particulan element Involved
The molecular weight (or a proper multiple) of the substance weighed (ppt) is always
f placed in the denominator, and the malecular welght of the sought substance {constituent
) !

being determined s always placed in the numerator,

In setting up the factor, only the substance weighed and the substance sought are used

The weight of the analyte is calculated from the amount of analyte contained in the
precipitate by using the gravimetric factor, 6F

Gravimetric Factor (GF):

GF = ganalyte

g precipitate

GF = (AW analyte (g/mal) X almales analyte)

(FW precipitate(g/mol) b{moles precipitate)

6F = AW of Analyte

FwW of Precipitate

For example, the gravimetric factor for Ni in Ni(HDMG)2 is:

GF= AWof Ni -5871 =0.2032

FW of Ni(HDMG): 288.92

Dimethylglyoxime (DM&)

% analyte = weight anclyte (a) x00%
| gt Sanplels)
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weight-sample{g)”

% (w/w) analyte (g) = wt ppt (gl % GF x 100% 5

wt sample

As ment a f impure POTQ“IU’ chlori 04 disﬁoived in wate
5'91 ent: When snrnpie of Imp 1 lo Id!{ 5 m] was i

d‘ e.ﬂ‘t‘zd wi‘H‘l an excess of silver itrare, O-S 02 g of Sii\?ll chfo ide was P’ zclp”'ﬂ ed.
and tr T

Calculate the percentage KC1in the eriginal sample.

CONCEPT OF PRECIPITATE FORMATION

Precipitation is the farmation of a solid in a selution during a chemical r-_oa;c'riun._ \p_‘fhen the
nc:'m aceurs, the solid formed is called the precipitate, and the liquid remaining above
reac i

the solid is called the supernate.

SUPERSATURATION AND NUCLEATION
Nucleation

nuucleation is a physical reaction which occurs when components in a solution start fo
precipitated. In o simple example of nucleation, supersaturated sugar water is used fo make
rock candy, with the sugar crystals nucleating and growing into crystals. Solubility mfcr; _tu
particle size larger than 001 mm. For particle size smaller than 001 mm the solubility
increases greatly with the decreasing particle size. In grovimefric analysis large particle size
precipifales. They are less prone ta surface adsorption, easy To filfer ond washed free from
jmpurities.

b KT,

Tt is known that different expe ¢ the particle size. Same of the
Fisortont ones are: Perimental variables influenc par

Precipitate salubi lity,
Temperature,

Resctant
Concentration and

Rate at which they are Mixed
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The net effect of these Variables ¢an of

the system known as relative s,

pr'JPC-"T‘r of least be qual

1tat| 3 ;
. atively accounted for by a single
persaturation

Supersaturation

state may be brought to a state of

other substance or by mechanical means namely shaking or stirring.

Precipitate Formation

When mixing chemicals, it is of ten useful to know if a precipitate will form, This is done by
computing an ion product P, which is analogous to the regction quotient Q. P has the same
form as solubility product K, and determines if a given solution will precipitate or not. A
precipitate will form only if the instantaneous concentrations of the ions upon mixing
exceed the solubility product of the insoluble substance.

If P 5 K, the ion concentration is higher than the solution can absorb and the ions will
form a precipitate.

If P < K, the ion concentration is lower than the solution can absorb and the ions not will
form a precipitate.
If P = K., the system is exactly saturated with ions and any extra amount of ion added will
cause precipitation.

One thing to be careful of when computing the ion product is that you are most likely

mixing two solutions. This will change the total volume of the mixture and thus all the

concentrations will change.

f f m f f 0. aMm KF are mixed
Exﬂmp!.- Ifa solution © 100 : g : oo o

together. Will a precipitate af

- the
Kup. We must be careful though-
e P and compare it 10 K
s nuhi‘:?ﬂmm“ mix the solitions, so we must adjust the concentrations
solution volume ¢

of both ions, First, write out the jonization expressi
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\ 3
§ OfF
& o
-]
ph(NO:): - Pb*(ag) + 2MOy (0g) ,g_,d:;.\""
[ il v
u o
ATl o o
KF -> K'(aq)+ F'(aq) £ \ g

We start with 100 ml of 0,010 M lead hitrate. This means we have 0.0010 moles of lead \
nitrate, which forms 0,0010 moles of Pb™. We alse have 100 ml of 0.010 M KF, 00010
moles of KF, which generates 0.0010 moles of F*, Our tatal solution volume is 100mi«100m|
=200 ml, so the concentraotions of the species are n= G

- @|

ngh > 0

0,0010 mol Pb**/ 0,200 L = 0.0050 M Pb™

"l 0.0010 mel F/ 0.200 L = 0.0050 M F

Now we can compute P. I't has the same form as K,
PbF(s) « = > Pb™"(aq) + Filaq)
P= [PRH]IF T

Simply plug in the needed values and compare to K
P = [Pb?)[F T = (0.0050)(0.0050)°

F=13%107

P < K, 50 the mixture does not precipitafte

Ksp for AgCl= 10 x 10°
Ksp for PS04 = L6 X 10
Ksp for AgBr=4.0x 102

TYPES OF PRECIPITATES

Precipitates are classified as c

pystalline, curdy or colloidal, gelatinous and flocculent,
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(a) Crystalline Precipitates

,-
e, s tallir Lieh afe
Crystolling precipitates are chargcterized ™ codily filterable porticies which €
alntively rizec My T ch i %0
relatively pure, e they ore easier to filtar ond purify, In general, Hae best approas » o
c ool g . itho
slowly farm-the precipitate using warm, dilute solutions, Allow it te then digest WiTT
stirring '

) Curdy or Colloidal Precipitates

< colloidal parficle buf whicn agglomerate
gtes are usually

+ be washed

fyrdy precipitate are those which are formed @

4o farm larger oggregate which are of fiiterable size. Curdy precipitt
erystalline precipitafes and mus

readily filterable, somewhat more impure than ; e
with the electrolyfe solution. As con exomple, we will use the following precipitd
formation
AgNOs(eq) + NoCHag) —> AgCi(s) * NaNOs(aq)
{amorphous)

nact will be the precipitating agent and AgCl tends to form colloidal

precipitates
The (low) solubility of AgCl is ceduced still further by the excess ofl A;t Twh‘:hd:::j:::é
pushing the equilibrium ta the right. We con further decrease the 50 ub;l Y ?Ythe ey
the temperature of the solufion by using an ice bath. The M:ghed s ﬂ; of.-rue‘:; It is
should be of known composition. The product shnulﬁ be Pur'e. n.r-d :ﬁll ‘!r'e-ﬂ = ;Jml.zs
usually difficult to obtain a product which is “pure’, i.e. one wh|c1l1 's. f‘:*?m- ‘ﬂ\" P

but careful precipitation and sufficient washing helps reduce the ievel 0 Vpur’

(c)  Gelatinous precipitates
filter, contain more impurities than Cul‘?}'
an electrolyte solution 19 offset peptizafion
rse fine particles of one substance evenly
¢ intermedinte between a suspension and @

Gelatinous precipitates are diffacﬂ" to
precipitate and also must be washed With
(disperse one substance in another: 10 disPe
throughout enother substance to credfe @ stat
solution colloid),

Ball; » M}.SO.[_. 2Mall + 305_04
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(d)  Flocculent precipitates

‘This can include the presence of haemolysis (espeeially if the bload is permanganate |

coloured), a flocculent precipitate or clotting. A woolly-laoking precipitate, as aluminum
hydroxide formed by the addition of ammania to an aluminum-salt salution.

AICly + SNHUOH — AI(OH)s # 3NHACI

Precipitate Impurities may oceur on the surface of the precipitate particle or inside the
precipitate particle. Those on the surface may be adsorbed or post precipitated, while
those insice the particle may be occluded or coprecipitated. Each of these will be
discussed [n defails.

(a) Surface absorption: Any jons may be carried down during a precipitation as the
result of surface adsorption. Here unwanted mater! adsorbed onto the surface
of the precipitafe. Digestion of a precipitate reduces the amount of surface area
and hence the area available for surface adsorptian. Washing can also remeve
surface material. In the determination of SO4* by fhe addition of dilute BaClz

solution to @ Naz50s salution.

BaClz + Naz504 — 2NaCl + BaS04

Both Ba®* and Na' can compete for lattice positions os the particles form. Likewise,
the ions CI and S04 can have the same effect. In the quantitative defermination
of some fransition mefals, iron for example as Fe(QH)s, zinc, cedmium and

manganese may be present as impurities and all three form sparingly soluble
hydroxides as well, though each with greater solubility than the hydroxide of iron:

ding In contact with the mother
n of an impurity on top of the
uggests the primary precipifate

Postprecipitation: Semetimes a precipitate sfan
iquor becomes contaminated by the precipitafio
desired precipitate. In this case, as the name S 5
separates out in @ pure form and the second phase of the foreign substance which
is slightly saluble forms afterwards. The second phase is therefore, nat
caprecipitated but postprecipitated. Postprec ation can oceur .%2 when .._.n
supernatant is supersaturated, with respect 10 Some companent which ném_n___unm
fairly slowly. In the precipitation of calcium a5 oxnr_..o e v...ﬂpsn.””
ogrestum a small amount of the latter is coprecipitoted with the calcium ihnwn
However, if the suspension is digested for a lond ™1 _,am A naaaﬁ“_ Mg:ﬁr
appears on calcium oxalate. The longer the precipifate aliowe _ME L hate &
with the solution the greater is the _uam%.‘_mnﬁiﬂ_n: A

calcium oxalafe.

30
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(€ Mixed crystal :
rystal formation: Mixed crystal formation can occur if

twao ions have the

same charge, i Tt
ge, if their ionic diameters are sufficiently close to fit into the Same

“crystal lattice.

(d) Occlusion and Mechanical entrapment:

tation in which impurities (contaminants) are 3%3@&
ocedure is carried out 109 quickly,
trapping them within the precipitate

s q type of copreci
within the grawing crystal. If a precipitation pr
packets of solvent and spectator ions cen form

particles.

(e) hoﬂumn_.vm.-n:.os
£ otherwise soluble material removed from solution
during precipitate formation. Precipitafes separating from a solution are not @s
pure but confain larger amount of foreign substances including mother liquor. The
contamination of the pret ate by substances fhaf ace normally soluble under the
conditions of precipitafion is called coprecipifation. A typical example of
coprecipitation is encauntered when parium chloride is added 1o a solutien of
potassium sulphate the u_.mgvﬂﬂnu barium sulphate is found, affer washing, To
contain greafer ar lesser amounts of potassium sulphate inspife of the fact that
this salt is freely soluble under the circumstances. Coprecipitation prominently
takes place by the two mechanism i.2.

the surface of the particles

gn ians (and solvent)

Coprecipitation is the process 0

adsorption af

occlusion by incorporation of forel

PURIFICATION OF PRECIPITATES

must often be remaved or reduced in order to obtain a satisfactory
result in @ determination. Some impurities may be removed by simple washing but most
require more sophisticated treatment. Adsorbed impurities may be removed by simple
aqueous washing of cryst e precipitates but the wash solution must confain an
electrolyte fo offset pepfisation for curdy or flocculent precipifates. TIn this case, the
electrolyte ion actually replaces one o

secondary layer: Tf the precipifate is fo
precipitate must be volatile.

precipitate impurities

f the adsorbed ions, either in the primary or the
be dried, the compound formed and left on the

31
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Post-precipitate impurities cannot be removed by simple washing either with or without
on electrolyte. Post-precipitate impurities may be rediced by dissolving the precipitate
?nd reprecipitating belng careful to filter 0% promptly as possible of ter the precipitate is
ormed

Occluded and coprecipitation impurities aré not aoffected by washing since they occur in
the body of the precipitate particles. In S0me cases, they can be removed only by
solution and reprecipisation. The amount of impurities accluded or co-precipitated will be
leq in the second precipitation since their concentration will be lower,

Some precipitates may be partially purified by oging or digestion. Aging is allowing fne
precipitate to remain in comtact with the mother liquor for extended periods of time, and
digestion is the same process except af elevated temperatfures for shorter lengths of

rime.

icles of the precipitate are more soluble than larger particles. Since the
+itutes a saturated solution, small particles will vend fo dissolve during
aging or digestion and deposit on the larger crystals, Thus, the small particles wiil
disappear and the larger particles will grow larger. The impurities trapped during the
growth of the smaller particles will be returned to the solution and probably will not be
trapped during the slow growth of the larger particles, Even though the parficles are not
small enough to have increased solubility, the smaller porticles will dissolve during oging or
digestion ond reprecipitate on the larger particles since the smaller surface area

represent a more stable energy relationship

Very small part
mather liquor cons

WAYS T NATE CONTAMINATI PRECIPITATES
(1) WASHING AND FILTERING

Washing

When the precipitation is carried out from the solution im“r"ub.}y oy mh'o{ :::

constituents is precipitated keeping many other in solution. The fm“t s I:g s
ipitate s to remove the impurities contaminating the P'wplm;m:s ;m::le :::nns

possible. In the process of washing only surface impurities will - Lhosdtia:
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. -"g' o 2 DIGESTION y . ft.usuCl“Y
%6t H formed precipifat® I'::nl:ge physico-

Digestion, or precipitate ageing, happens when @ freshly i is prgcipi‘m“"d'

: ich
at a higher temperature, in the solution from Whilzripening,
chemical process underlying digestion is called Ostwa

\ iffi r impossibl
. Helps eliminate colloidal suspensions which ore difficult or imp

e to filter

o ire heated solution
. Digestion occurs when a precipitate is allowed to stand ini

wth
o ith i sed crystal gro
. The solid re-dissolves and precipitates, along withincres

igger
. The resulting Solid is usually more filterable and purer MER

« Minimizes coprecipitation

(3) PRECIFITA r +ant weight, Generally the solids are
il dried to cons .

e ‘o the precipitate must be _ ; |y. Then remove excess
A1‘ter f!lTrﬂT':ﬂiaoec Fbuf conditions for drying can vary considerab Y id 1# heoted 178
dried ot abou ; #f any volatile species. In some cases, the pr‘el:l.p i
solvent and Fjrwe g ys +o a stable form for weighing. To #3?2!“111!.“2 t Zr. bl
point where iT decor-n,::::ic balances can be used to determine optimum drying
regime, thermogravi

temperafures.

PRECIPITATION
RULES FOR ACHIEVING 600D

hility of the precipitate
= _ enhance solu
- Elevated Temperafures

+ Dilute solutions

45 ent
+ Slow addition of prec:pnm-ting ag
e,a,‘l'ld SOIUHMS

ubility 18

* Good stirring in h dependent on pH)

« Careful pH control (if 52
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