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Gravimetric Analysis of Calcium and Hard Water
AP* Chemistry Big Idea 1, Investigation 3
An Advanced Inquiry Lab
Introduction

In certain areas of the country, the presence of hard water poses significant problems in water supply systems. Various waier
softening techniques are used to remove the cations responsible for water hardness. This investigation involves the application of
gravimetric analysis to test samples for the amount of water hardness and calcium ions.

Concepts

* Water hardness * Double replacement reactions

* Gravimelric analysis  Stoichiometry

Background

Water from natural sources may contain a number of dissolved substances. The amount and nature of these dissolved sub-
stances varies depending on the geography of the area and the journey the water has taken. As water travels through the ground
or over the surface of the land, it can dissolve naturally occurring minerals. As minerals dissolve in the water, the compounds
separate into their respective ¢ ztions and anions. Common cations in water include Na*, Ca’* and Mg”*, and Fe™, while the prin-
cipal anions in water are Ci-, HCO,~, NO;~, and 50O, 2= The main ions contributing to water hardness are Ca**, Mg*" and, to a
lesser extent, Fe™*. Their presence makes it dlfﬁLUh for soaps to lather and also causes a “scum” to form. Equation | (where R is a
long hydrocarben chain) shows the precipitation reaction between alkyl sulfate anions in a typical soap with calcium ions in hard
water. The main problem due to water hardness in industrial pipes or boilers is the buildup of solid CaCO,, which precipitates oul
and causes thick deposits to form in pipes and other appliances.

Ca’*(aq) + 2ROSO, (aq) — Ca(ROSO,),(s) Equation ]
Soap Soap scum

There are many different ways to “soften” water. One of the most common ways to remove ions is by ion exchange. The
ion exchange process uses a resin to replace some of the ions that cause hardness with ions that do not. Hardness is commonly
measured in units of grains per gallon or milligrams per liter (also known as parts per million), and is classified by the U.S.
Department of the Interior and the Water Quality Association as follows:

Classification mg/L or ppm grains/gal
Soft 0-17.1 0-1

Slightly hard 17.1-60 1-3.5
Moderately hard 60-120 3.5-7.0

Hard 120-180 7.0-10.5
Very Hard 180 and over 10.5 and over

Although several ions contribute to water hardness, the units of mg/L or ppm are defined in terms of the equivalent mass
(milligrams) of CaCO, that would be present per liter of water. In this investigation, gravimetric analysis will be used to precipi-
tate and isolate solid CaCO from water samples and determine water hardness. Many municipal water treatment plants use soda
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ash Gsodinm carbonate, Na,COLY and Hime {cateiuny bydroxade, CafOh,) (o chamieally remove calcian and magnesium ions,
respectively, Trom hard waler,

Experiment Overview

The purpose of this advanced quiry lab iy o vestgete the sunabiliy of graviceutc analysis for detennining the amount
of water Bardness inthe Torme of ealeinn carbonate, CaCO,, 1 vanious water samples. St samples, representing a wide range of
poleniial waier hardness, from 50 ppi o 300 ppim, will be (1;1:11_\4”/,{‘,(1 by various student groups as pan of & cooporalive class Thves-

tipation to deternmine the accuraey and sensitivity of gravimetric analysiv for water hardness westiing, Note that afl water spmploy

Lave been concentrated by a factor of T for the purpose of quaniiiative anadysis. The Tnb begins with an introdnctory activity 1o

develop skill o the caleulanons and webmigoes of pravimelrie anabysis, o particalar, guaniitaiive tansier ad vaouum or gre

fHuation. The precipiiation reaction lnvolves preparing and combining sohetions of Na,CO L and Calll The balanced chemical

couation for this reaction predicts the amount of proopitaie that wilt be fonmed, Carefid isolation, \h_\'”:‘.:‘ and wel

‘(ic(‘---intguil'\-‘ desion of the

woof the

precipitate with confinm the cadeniations and the poreent vield, The procedure provides oomodel for

cooparalive class investivation deserihed above. Antactd tibles are also provided as an opporaonty for further inquiry-—the use of
gravinwelric analvsis o determine ithe muouns of caleiunnin an over-the-comnter medication.

FooDefiae the o grapvimeire wadysis, Deseribe e procedure used e iy aetivity, and wently two other conyo

ples of gravineirie analysis

20Wie

reachion bobween calowm chionde and sodm et

30 Cateolale the muovhey of moles of vach reaciind i the J’H“'(t‘:‘fl”f'{rlt'\‘;"\f'.fll‘x’."f'__\' (e sten P25 Hdendily ihe Bimifing ene

Gt i e reaction ad determine U theoreueal amenns of CallO ) that shonld be prodt

! siotid sechio, hardn
B Pare ropor
acsloisns ohtoride solution contaming 0.1

Calomny ebloride, anbydrous, CaCl,, 2o Ciiass ubhag, 2

Hard waier smnpics, 200, 2 Crduated cylimder, SG-aml.
Sodamt carbonale sotetion, Na,CO 05 M Latex rubbor tobing
sodinn carbonuie, Na,CO 2 e Pineh ching

Waiter, deionived or distifled, 40 mt. Rubibser slop

Balance, clecirome, 0.001-0 accuracy Spaluta

Beakers, 158-ml., 3 WVacuurs puimp or aspirator
rying oven Vacuun tubing, 7

Wil 2 Wash boiile

Fier fasks,

Filier paper, 3 Watch glasses, 2
Famnel, Biichoer and iubber adapioer Waighing dishes, 2

Safety Frecaulions

Sodiven carbonaie iy irrtiaiing fo body fissues. Anhvdrous caleinnm chloride is moderarely toxie by ingestion and pencrwes o
greal deal of hear when dissolved in water Avoid contact of all cheniicals with eveys and skin. Aniacld tableis used in ihe lab are
considered laboratory chemicals and meay not be remaved from the lab. Do not fasie or Ingest any nederials e the chemisory lab,

(STt

Wear chemical splash pogeles, chemical-resisiant gloves, aidd o clremical-resistant apron, Wash bands thovoughty with soap and
weler b{jf{»‘a leaving 1he laboraiory, Please follove all labaratory safery guidelines.

¢

Pt
Tt o

sis ol Ll

ey wi
s o iy
W Tne



Introduciory Activity
Precipiiation Reaciion and Vacwum Fillrediv

2.0 ¢ of sodium carbosaie and place i i, dry 150-ml beaker, Record the precise mass 4 d disselve the solid
of deinoized or distilled water,

2.0 0 of calcinm chloride and place iy @ cleas, diy 15000 besker, Record the precise mass wnd dissaive the solid

y 20 mb of detonized ar distilfed watorn

3. Combine the two soiutions by stowly adding the sodium carbonate solution o the cadeinm chionde. Ree ord all observae
Hons aboul the reaction,

4. Separately weigh a picce of Glier paper and aowateh glass and record thes masses.

50 Setus o vacuum firaion apgaratas as shown b Fianre 1 The second fiher flask i used o prevent Backe-uyy of water lrom

the aspirator o the filler Task when die vacaun i refeased

S Videos

L
e webshe (Hnnsel o] o

crlonm a Yacoman Uilration”

G bselate Gie precipiial Sareful transler weehniques are essential Tor accurate resuii!

FooPlace the wateh

s and fler paper contwining precipitite s lab oven o dey e 100 7C or 10220 min. Monior and

carclully break up the solid with o spamly e easure compleie drying.
40 Calouiste the percent yield of calchun enrbonate,

¥

Goided-Tnguiry B

sion and Proced
Accuraey aid Sensitivity of Gravimerric Analysis lo Determine Waier Hardness
For a workby group with other students and discuss tie followimg questions

I The ideat precipitaie in o gravimeric analy

i procedure should be insoluble and have o known contposiion. Using refer

chce wxis suel as The Merck Index oy ihe Handbook <)f'<'/ir»- ytistry and Physics, ook up the propenies of calciun carbon

ate and discuss s advamfages and possible disadvantages o

vimatric analysis of calcuo,

Buased on seiubility rules, what ions in o water might interfere with the analysis of calenm jons by precipitabon of caleim
carbonate?

3. Precipilate paricles in gravimetie analysis must be farge enough o be collected by fliradon- smailer parocles may pass

through aor clog e filter, Diseuss how the following wehniques will help pre

nt preduct toss wid ensure product purity o
4 pravimeiric procedure,

Add the precipilant slowly whily vigorens mixing,
o “l)is}_(

it the i',n'c.e.‘ipémEu By zi'il('.»\-vt}‘[si P10 stand i contact with the solution and/or heating the mixtore For TO-15 minutes,




Six water samples containing known concentrations of calein ebloride are available Tor analysts as past i a cooperaiive
class aetivity, Fach group of s;lmlcmu: should analyze two different samples. The reconmended sample vohuie for the precipli
Gon reaction is 20 mi. Complee the table below with the resubs of the calesiations from Guestions 46,

Maokes of Ca¥ in Theoretic 1} SIHEIIE \()imm' of 0.5 M Theoreficnl Water

Sample THOaCHL M . . e . . ;
! ! 2h pat ;ni,ui Solution of CaCe), Previpitate | Na,CG 207 (‘\LL‘S\) Hardness, mg/l,

| {1460

4. Cateulue the number of moies b 20 mb ol caelt solugion and the theoretiond mmount of Cal’Gy i can be

obiained by reacting 20 mt of cach solution with cxcess sadinn carbonme. Enier the rosults o the bl
s Bxeess sodinm carbomue selulion {preciptiant) is recomsmended o ensure that all of e calolum tons i soluton a
erted fo product. For cach sample, determine the volume of 0.3 M sodivm crbonate solution tha provides die ston-

chiametnie mnnber of moles o nveded to react complielely with the CaCl, soludon, Muodtply the residt by 3.0 6o

a, : kE) L RN}
cxeess, and oniey the resedis i the whl
[ theorehical witdor BOarsness oy iyl Loallu) s TP Ll g IS TN SO N ER ST H I o Ol OO

< By Tactor of T o provide du 3oy s

CHODD me/e) w0 T17H00 s 00 mp CallO /]

M‘n,

winler sivipie o e Tial analyzcd vo

ep-by-step procedurs for anelyy the conconttaiion of calohmy inhe watey somples. nchede the
l

. Ehu phassware and cauipieent tal will be wsed, and the peurcienis il obsorvalions b

8 Review e hazards of the chenicals aeed b the procedure and wiite appropriate safety precautions tial must be followad

i

5l oNBerineit.

O, Cery ont the procedure sd record ihe resuhis o an sppropriate dat able,
1) Repeat ihe analbvsis as needed 1o choeck for reproducibility,
Analvre the Results

Calenlate the pereent vield of calcium carbonale and determine the experimental water hurdness in mg/lL for cach sample.

Classify the water hardness of cech sample according o the colena establisbed by ihe LS Beparimnen of the intesior and the Wate
Ouadity Association {see the Background seeton). Compile the class data for adl

sapeplos hat wore analyzed and cornpare z]n:.
from 50 16 300 mg/l..

acctraey and sensitivity of the gravimetric spalysis procedure over the range of possible water hardnes:

portunitics for Inguiry
i H

/1“\
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Sravimetric Analvsis o Determine the Mass of Caleivn Top in an datacid Tabled

The amount of caleinm in an autecid wblet may ajso be detenmined using tric analysiz. Note that antacid tableis con

tain Binders and other inort ingredients or additives, Desion a procedure o dissolve and separate the caleium carbonate from the

Bindars 1 the tablet and asalyze the onount of calciuny,
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AP Chemistry Review Questions

Foow oo N L - 3 P . 3 .

fintegrating Content, Tnguiry wid Reasoning

Copper() eltoride (CuCl 098 o) was dissolved b waier and a plece of alwminuny wire (AL 056 ) was placed i the solu-
tion, The Blue color duc o copper(Ity ehloride soon Mded and @ red precipitate of sold copper was observed, After the blue color
had disappeared completely, the lelover alimpnon wire was removed from the solugon and werghod, The mass of the feflover
stuminsnt wire was 0475 ¢

1o Calonlaie the mandier of moles of (ay copporthy chiloride and (B) stummm tha reacied.

swhaole numiber ralio.

20 What bs the mole rane of copper(ily ehJoride o alunuimnure mead? Bpress s to e ne:

S0 What happened o tie aluminun metad thal was consmmed o this reaction? Wiiie e fornala of the mrost probable alanl-

faun-contalning prodiec,

5o N0
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