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Analytical chemistry

Analytical chemistry is often described as the area of chemistry responsible for characterizing the composition of
matter, both qualitatively (what is present) and quantitatively (how much is present).
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Analytical chemistry

Analytical chemistry is often described as the area of chemistry responsible for characterizing the composition of
matter, both qualitatively (what is present) and quantitatively (how much is present).
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» |deally, a gravimetric precipitating
agent should react specifically or at
least selectively with the analyte.

» Specific reagents, which are rare,
react only with a single chemical
species.

» Selective reagents, which are more
common, react with a limited
number of species.

» In addition to specificity and
selectivity, the ideal precipitating
reagent would react with the
analyte to give a product with
suitable properties.
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2- Precipitation

What about the precipitation step in gravimetric analysis, briefly explain?
- Addition of precipitating agent to the sample solution.
- Upon addition of the first drop of the precipitating agent, supersaturation occurs.
- Nucleation starts to occur where every few molecules of precipitate aggregate together
forming a nucleus.
- At this point, addition of extra precipitating agent will either form new nuclei ( precipitate
with small particles ) or will build up on existing nuclei to give a precipitate with large
particles.
-This can be predicted by Von Weimarn ratio where, according to this relation the particle
size is inversely proportional to a quantity called the relative supersaturation

Where: Relative Supersaturation =(Q —S) /S
The Q is the concentration of reactants before precipitation at any point , S is the solubility
of precipitate in the medium from which it is being precipitated.
- Therefore, in order to get particle growth instead of further nucleation ( i.e. granular
precipitate and then low surface area ) we need to make the relative supersaturation ratio
as small as possible.
- In other words conditions need to be adjusted such that Q will be as low as possible and

S will be relatively large.
Generally, precipitation reactions are slow, so when the precipitating reagent is added drop
by drop to a solution of an analyte, some supersaturation is likely. Thus, when (Q —S)/Sis
large, the precipitate tends to colloidal. When (Q — S) / S is small, a crystalline solid is more

Q-39S
5

relative 511persaturatinu =

High relative supersaturation = Low relative supersaturation

# Increase nucleation » Less nucleation

# Many small crystals » Fewer larger crystals
Colloidal particles form Crystalline particles form
~ High surface area » Low surface area

» More adsorption of impurities ~ Less adsorption of impurities
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1. Easily filtered and washed free of
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Table 10.2

Some Organic Precipitating Agents

Reagent Structure Metals Precipitated
Dimethylglyoxime CHy; — C == NOH Ni(II) in NH, or buffered HOAc; Pd(II) in HCI
| (M?* + 2HR — MR,; + 2H")
CH; — C==NOH
a-Benzoinozime (copron) OH NOH Cu(Il) in NH, and tartrate; Mo(VT) and W(VI) in
[ H* (M?* + H;R — MR + 2H*; M** = Cu**,
e MoO,*, WO;*)

Metal oxide weighed

Ammonium nitrosophenylhydroxylamine N= Fe(TII), V(V), T3(IV), Ze(IV), Sn(dV), UIV)
(cupferron) ,l,_O_NH‘ (M** + nNH,R —» MR, + nNH;*)
©‘ Metal oxide weighed
8-Hydroxyquinoline (oxine) OH Many metals. Useful for AI(IIT) and Mg(Il)
J (M"** + nHR —» MR, + nH")
g
Sodium diethyldithiocarbamate S Many metals from acid solution
I (M"* 4 nNaR -» MR#n + nNz*)
(CsHspN—C—S"Na*

Sodium tetraphenylboron NaB(C/Hq). K*, Rb*, Cs*, T1', Ag*, Hg(I), Cu(l), NH,*, RNH;",

R;NH,;*, RygNH*, R(N*. Acidic solution

(M* + NaR —» MR + Na*)
Tetraphenylarsonium chloride {CeHy)AsCl Cr;04*", MnO,", ReQ,~, MoO,*~, WO,*, ClO,", I;~.

Acidic solution (A"~ + nRCl - RA + nCl7)

L 4

+ Al dal) GS) ) g

Benziden,
o- Nitroso-B-Naphthol,
Mandelic acid)



THELE 12_3 Table 12-2 lists common inorganic precipitating agents. These reagents typically
form slightly soluble salts or hydrous oxides with the analyte. As you can see from the
. . many entries for each rearent, few inoreanic rearents are selective.
Some Reducing Agents Used in ! ® s e
. . . TABLE 12-2
Grﬂﬂmﬁtrlﬂ MEthﬂ'dE ~Some Inorganic Precipitating Agents
. Precipitating Agent  Element Precipitated”
Reducing Agent  Analyte NH;(ag) Be (BeO), Al (ALO,), Sc (5c;0y), Cr (Cr09)t, Fe (Fe,05),
Ga (Ga,05), Zr (ZrO,), In (In;O4), Sn (SnOy), U (U,0,)
S0, Se, Au H,S Cu (CuO)t, Zn (ZnO or ZnSO,), Ge (GeO,), As (As,0, or As;0,),
Mo (MoQ;), Sn (SnO,)F, Sb (5b;0,), or 5b,05), Bi (Bi,S5;)
SO, + HLNOH Te (NH),S Hg (HgS). Co (Co,0)
(NH,),HPO, Mg (Mg,P,0,), Al (AIPO,), Mn (Mn,P;0,), Zn (Zn,P,0,),
H,NOH Se Zr (Zr,P,0,), Cd (Cd,P,0.), Bi (BiPO,)
H,C,0; Au H,S0, Li, Mn, Sr, Cd, Pb, Ba (all as sulfates)
H,PCl, K (K,PrCl, or Pr), Rb (Rb,PrCl,), Cs (Cs,PrCL.)
Hz Re, Ir H,C,0, Ca (Ca0), St (ScO), Th (ThO;)
HCC}GH l'_I.L_ (NH):MoOy Cd (CdMoOy) 1, Pb (PbMoO,)
HCl Ag (AgCl), He (Hg,Cl,), Na (as NaCl from butyl alcohol), Si (SiO,)
NaNQO, Au AgNO, CI (AgC), Br (AgBr), I(Ag])
(NH,),CO, Bi (Bi,O,)
Sﬂcll Hg NHSCN Cu [Cu,(SCN),
. . NaHCO, Ru, Os, Ir (precipitated as hydrous oxides, reduced with H; to
Electrolytic Co, Ni, Cu, Zn metallic state)
. HNO, Sn (Sn0,)
reduction Ag, In, Sn, Sb, H.IO, He [He,(10,),]
. NaCl, Pb(NO,}, F (PbCIF)
Cd, Re, Bi BaCl, S0 (BaSO,)
MgCl,, NH,CI PO, (Mg,P,0,)
P> *Boldface type indicates that gravimetric analysis is the preferred method for the element or ion.
‘ 1 * 2 » The weighed form is indicated in parentheses.
; J A dagger indicates that the gravimetric method is seldom used. An underscore indicates the most reliable
¢ gravimetric method.
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Representative methods based on precipitation by homogeneously generated
reagents are given in Table 12-1.

TABLE 12-1
Methods for Homogeneous Generation of Precipitating Agents
Precipitating Agent Reagent Generation Reaction Elements Precipitated
OH~ Urea (NH,),CO + 3H,0 — CO, + 2NH,* + 20H" Al, Ga, Th, Bi, Fe, Sn
PO,/ Trimethyl phosphate (CH,0),PO + 3H,0 — 3CH,0OH + H,PO, ZLr, Hf
G0 Ethyl oxalate (C,H),C,04 + 2H,0 — 2C,H.OH + H,C,0; Mg, Zn, Ca
SO Dimethyl sulfate (CH,0),50, + 4H,0 — 2CH,OH + SO,* + 2H,0" Ba, Ca, 5, Pb
CO.* Trichloroacetic acid Cl,CCOOH + 20H™ — CHCl, + CO,* + H,0 La, Ba,Ra
H,5 Thioacetamide® CH;C5NH; + H;O — CH;CONH; + Ha5 5b, Mo, Cu, Cd
DMGT Biacetyl + hydroxylamine ~ CH,COCOCH, + 2H,NOH — DMG + 2H,0 Ni
HOQz$ 8-Acetoxyquinoline$ CH;CO0Q + H,O0 — CH,COOH + HOQ Al, U, Mg, Zn
5 OH
|| .
*CH;—C—NH, =
THO) = 8-Hydroxyquinoline =
OH OH =
Lo N
TDMG = Dimethylalyvoxime = CHE—I!%—J%—CH-. 0 NF
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Table 8.1

Selected Gravimetric Method for Inorganic Cations
Based on Precipitation

Analyte Precipitant Precipitate Formed Precipitate Weighed
Ba2+ (NH4),CrO4 BaCrO, BaCrO,
Pb2+ K,CrO,4 PbCrO,4 PbCrO4
Ag* HCI AgCl Agdl
Hgy** HCl Hg.Cl, Hg.Cl;
Al3+ NH3 Al(OH); Al,O3
Be?+ NH3 Be(OH); BeO

Fe3+ NH; Fe(OH); Fe;0;
Ca+ (NH4)2C04 CaC04 CaCO; or Ca0
Sb3+ H,S SbhyS3 Sh,S3
As3+ H,S As;S3 AsyS3
Hg?* H2S Hgs HgS

Ba+ H,50, BaSO, BaSO,
Pb2+ H2S04 PbSO4 PbSO4
Sr2+ H3S04 SrSO4 SrS04
Be?* (NH4);HPO4 NHsBePOg4 Be;P;07
Mgz’ (NH4);HPO4 NHsMgPO4 Mg;P.0;7
Sr2+ KH2P04 SrHPO,4 Sr2P207
Zn2+ (NH4);HPO, NH4ZnPO, Zn,P,0,
CN- AgNO; AgCN AgCN

I- AgNO; Agl Agl

Br- AgNO3 AgBr AgBr

Cl- AgNO3; AgdCl AgcCl
ClO;- FeSO4/AgNO; Agcl AgCl
SCN S0O,/CuSO4 CuSCN CuSCN
SO BaCl; BaSOy BaSO4
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Fe Fl(oH)s Flo3
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\4 Hgy Vo, V;0;3
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8. Calculations:
Gravimetric factor (GF) represents the weight of analyte per unit weight of the precipitate. It is obtained from the ratio of
the formula weight of the analyte to that of the precipitate, multiplied by the moles of analyte per mole of precipitate

obtained from each mole of analyte-

How Do We Get %A? % A =

weight of A
weight of sample

x 100

Weight of analyte (A) = weight of precipitate ppt X Gravimetric factor (GF)

G.F.= a FWianalyte] where a and b are the stoichiometric coefficients from the balanced chemical equation,

b FW|precipitate] and FW stands for the formula weight.

o A — weight of ppt * gravimetric factor (G.F.) < 100

weight of sample




Q1\ 100 mL of 0.06 mol/L Mg(OH), solution. Calculate the mass of Mg,(PO,), produced



eExamples: This is how to do the G.F. and place the coefficients:

Table 4 shows the calculations some of gravimetric factors.

Substance to be Precipitate Gravimetric Factor
determined weighed -
Mg Mg,P,0; 1E : ;6[1111{1]: : sﬂgf h;'?g ,P,0;
Cr0; BaCrO, 2 Mimass of BachD),
K.PO, KoPICL 3 Momass of KPCL
P,05 Mg,P,0, 1l . EE:::: ;}; if;ia?
Na,B407.10H,O B,0; = zllj:iI ii?iaiﬂé%giéf P

= Indicate the gravimetric factor for each of the following: (provide the expression only; there is no need

for calculation)




Q2\ Calculate the gravimetric factor of the following:

Analyte Known
MgCl, CoCl,
H,PO, Cay(PO,),
AgCl Ag,CO,
Fe,0, Fe,O,




Q3\ Calculate the mass of CaCO, that produced form 10 g of Ca,(PO,),



Q4\ A sample containing Iron is analyzed by precipitating and igniting it into pure Iron(l11) Oxide
Fe,O,. Calculate the gravimetric factor (GF) needed to convert the mass of the precipitate (Fe,O,) to the
mass of the analyte (Fe).



Q5\ 5 grams of pure Cay(PO,), were analyzed gravimetrically. Calculate the following: %Ca, %P, %0,
%PO,



Q6\ An ore is analyzed for the manganese content by converting the manganese Mn to Mn;O, precipitate.
If 1.52 g of sample yield (0.126 g) ppt. Calculate the percent of %0Mn and %Mn,O; in the sample.



Home Work \ The calcium in a 200.0-mL sample of a natural water was determined by precipitating the
cation as CaC,0O,. The precipitate was filtered, washed, and ignited in a crucible with an empty mass of
26.6002 g. The mass of the crucible plus CaO (56.077 g/mol) was 26.7134 g. Calculate the concentration of
Ca (40.078 g/mol) in water in units of grams per 100 mL of the water. Answer: = 0.04045 g/100 mL sample




Q7\ Orthophosphate (PO,*) is determined in the form of ammonium phosphomolybdate (NH4)3PM0120.40
(1876.35 g/mol) precipitate. If (1.1682 g) of the precipitate were obtained form a (0.2711g) sample. Calculate the
percent of (%P and %P,0;) in the sample.

Answer: %P = 7.111% %P,0; = 16.30%



Q8\ What weight of pyrite ore (impure FeS,) must be taken for analysis so that the BaSO4 precipitate
weight obtained will be equal to one-half (1\2) that of the percent %S in the sample?



Q9\ Consider a 1.0000 g sample containing 75% potassium sulfate (FW 174.25) and 25% MSO,. The
sample is dissolved and the sulfate is precipitated as BaSO, (FW 233.39). If the BaSO, ppt weighs
1.4900g, what is the atomic weight of M*2 in MSO,?

e ANS: Mg?*



Q10\ Home Work \ An iron ore was analyzed by dissolving a 1.5419-g sample in concentrated HCI. The
resulting solution was diluted with water, and the iron(l11) was precipitated as the hydrous oxide Fe,O, by
the addition of NH,; as precipitating agent. After filtration and washing, the residue was ignited at a high
temperature to give 0.5394 g of pure Fe,O; (159.69 g/mol). Calculate (a) the %Fe (55.847 g/mol) and (b)
the %Fe;0, (231.54 g/mol) in the sample.




Q11\ A 0.2356-g sample containing only NaCl (58.44 g/mol) and BaCl, (208.23 g/mol) yielded 0.4637 g
of dried AgCl (143.32 g/mol). Calculate the percent of each halogen compound in the sample.



Q12\ Home Work \ A 5.95-g sample containing only AlClI; (133.34 g/mol) and FeCl,; (162.2 g/mol)
converted gravimetrically to 2.62-g of aluminum oxide Al,O, (101.96 g/mol) and ferric oxide Fe,O,

(159.69 g/mol). Calculate the percent of each %Al and %/Fe in the sample.
Answer: %Al =9.56%  %Fe = 18.17%




Q13 \Exercise\ A sample of an impure iron ore is approximately 55% w/w Fe. The amount of Fe in the
sample is to be determined gravimetrically by isolating it as Fe,O,. What mass of sample do you need
to ensure that you isolate at least 1 g of Fe,O,?



Q14\ A 4-g sample containing pbCl, (278.1 g/mol) and pbBr, (367.01 g/mol) were dissolved in 500-mL
solution. 50-mL aliquot the mixture above were treated with AQNO, solution to give exactly 0.3062-g of
AQCl (143.32 g/mol) and AgBr (187.77 g/mol). Another 75-mL aliquot were treated Hg,(NO,), to give
exactly 0.7060-g of Hg,Cl, (472.09 g/mol) and Hg,Br, (560.99 g/mol). Calculate the percent of %pbCl,
and %pbBr, in the original sample.

Answer: %pbCl, =21% %pbBr, =53.67%



Q15 \Homework\ A 0.415 g sample of Feldspar has a mixture of NaCl and KCI weighing 0.0715 g. From
these chlorides, 0.1545 g of K,PtClg was obtained. Calculate the percentage of Na,O present in the
Feldspar.



