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UaJ! jsUJU) jpLA ^13L> 

EXFESMSIfT (1) 

Techniques and Measurments 

^bUSJI uljjij 

Objectives 

(balance) o*® d ...1^ ^jLiLkij 

ilaU '■iJsii sjU (density) (Pipet) ^l.^unij 

.(solid) AJU-aj (liquid) 

Introduction 

_)^a ^1] Cjl^Rvoj o J^-^l 

(jjjl^ll AJIAC. ^ U jj\^ ^JLJJOU V AIUI-Q AJ jl^?. cCjl^-all aiA 

i> > (Laboratory Balance) 

(sizes) ^U^Vl c (_yo <-, s.l'i LijSvLulclII 

i-i^luJl jl jjJi jUiklj (sensitivities)' j (makes) cJl^Vlj 

^ (Precision) Ai^ilj .(accuracy) ^ 

^Ufc^J SJARILC •Cii.lckj Sy^.1 

.Ajjjtifl Jsl j>sli ■■•>A--hH ^Jc- (J^-J (JJJUBI jl^»J ^AjtaJS 
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Ji&Al 

3i3U (density) ^| ^ ^ ^ ^ ^ ^ ' 

(Intensive Property) t^J 

.„„„„.- T..    ' —^ '°JU' ^ ^ ^ 

•' • . : / •. . . • :' • ■ • . •'•'•.•• : • ■■ • . :.; ^ 

j V| * " ' r 
0 ^ dli^ J (jaU. ^ ^ 

<> w; ^ £^l ^ i,M| ^^ ^ ^ ^ 

(Intensive Property) ^ ^ ^ u Uj 

•(Temperature) u ^ 

^ ^ ^ ^ ^ epai, -bUI ^ ^ J 

^ • '(volume) (mass) | 

1 S",UJI P ^ ^ CP u 5JU ^ ^ 

mass ... , 
Density = -   <ii^> 

volume ^| ~" " 

^ ^ ^ «:>JS w, > tuig ^ ^ 
cm ml g/cm3 ^ J g/m] ^^ 

27 

^j^yi j^ULs 

^U-jii sj^V) ^ ■y.j 

(Beaker) *Ujil (\ 

(Erlen meyer flask) Sjjjlill (r 

(500ml J] ^ ^ ^ ^ ^ ^ 

J^J 

iUbjj 

(Graduated cylinder) ^j^dl jULdl 

(Buret) (y 

(Pipet) <^UI (r 

^ ^ tj^Vi ^ & & jm cuuu ^ SJ^VI 

£J^i ij^Ij (Buret) ^UJ| {pipet) ^U| 

jU^ll ^ ^ jst ofil .(Graduated cylinder) 

- J^d) 

   ■ (Radius) ^^,n | 

<2ii Ua-JJut rUJ Cll jiVfjjX ^ i (y! _«4i, rl J*,.!,^ v' ^ 
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^UUii 

f jsjj (pipet bulb) ^Uli j (pipet) 

AXJIS (5^1x1! C-Lclb lg.^.»jij JVIAIIJ Aj-aUJl JJJIXJ 

(Distilled water) 

dUijll ^gJ) (pipet) Aj-aldl "OawiljJ jiaLiil f-Uill i^a (lOttll) 

(j^jjjl! ^jsllj Ajjj IajLwi (Bealcei 50in!) 

. jiaUl Q* lOml —11 (jjj 

jjiiiij Aic- [j-o pbdl l^JjlS-«j 

\AJufr CjjjiJ ^gjil S jl jadl 

^ijll jXi^i (unknown liquid) cJ^l^ 

.(Jjljjjli l^lA AIA2>O ^^11 

Sjiai. AiUialj JaB J^IS j^i JjLdl l^A (density) asIjS 

(Jj^a-dl CJJUJI (j^o ALIS ^aLdl (RinSe) jAj S±a.!j 

(r 

^Utll fiLdLi ALluo 

(J^ -v o\l (JjLuJi oJitc-lj ^2 

LuaJj-a^. 

jjJaa-o L-i-LyVlti i*Jujj*aa C-Lc-jl Ajjawilb 

B. Density of Solution 
Jjlst^ll Ail^ | 

ajIjU UjjSj (NaCl) (> (50ml) ^ 

c(Distilled water) ji^l ^bdl <> (45g) (NaCl) (> (5g) 

vjaSf (solvent) ^jj^IIj (solute) vl^dl O-4 ^ jjj o' 

.(O.Olg) 

(v 

'uj 

0 

29 

i.bdi pi^y ^ 

::,; ''I1 .; '.x; n;Vi •• u:'■•:,: .■ ■s/^'"-   difrvl"'AVv / ■'A' '• • •f!*♦*'-• / «i N.®•"«//.'• feXffa.U •-<>« • —• •■ ■ - """ 

• i g/ml c5 S-bdl AibS, 

.13.6 g/ml c$jb^ c^Jil 

0i>a Uw,1jj WSS iaj- di> i> ^ ^ ?■& 

liL. Ujii Jjj ^iif ^ ^ 

■. Jjl Jjjll 5, JA 3i\j^ L-lluiak ^ 

fis "Insoluble in water *Ub [kj^ ^ 3-fLJI u! 0 

(^ill fUll ?-=-=• j ^ Sija^ i3JJ^ i> (Jj-ta 

^ jkj ^ub Wj 

, jlj-dl fci-A Ailj^ L_lLuid Awfl^ 

Procedure ^ ^ 

A. Determination of the density of pure .quid: 
yii jiu. ^Aus (1 

•O.Olg ^W-j (Beaker 50ml) ojj* rJ* (y 

, -..h'. (flask 100ml) '»,jjj« ^U1 ^ (50ml) ^ (1 

Hl^l 0i> fliks-u oUl k-j* 

.(Thermometer) 
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4^UJi f 

Per - laboratory Questions 6^ u ^J\ 

1. A metal sphere weighing 15.45 g is added to 21.27 ml 

water in a graduated cylinder. The water level rises to 
24.78 ml. Calculate the density of the metal. 

^ *U!i & (21.27ml) CiL^i (15.45g) OJ2 %&*** 5jS 

uiwA.S 4 (24,78ml) jijJ ^Ldl (jj^A <^j-u • 

v (^1) = 24.78 - 21.27 = 3.51mi 

m (W) = I5.45g 

d (4iM) = —, = 11^1 ~ 4.40 g/ml 
v 3.51 

2. An empty beaker-weighs 32.4257 g. A 10,00 ml sample 

of unknown Stqisid is transferred to the beaker. The 
total mass of tSse beaker and liquid sample was 40,1825 

. g. Calculate the density of the unknown liquid. 

\ik JaU ,> (10ml) c(32.4257g) ^ (Y 

^ .{40.182Sg) > JituJij plpjirysll cjj^ 

. JjLusll 

cjjj ~ (Jjkdl 5.1c.jii Jjjj — ^jUil pic.jll (jjj 

mass of liquid = 40.1825 - 32.4257 = 7.7568g 

v = 10.00ml 

31 

,AjbU21 Aijjiall ^ LaS (JJUsj.^S (Y 

C. Density of soficls 

4jLdali Jlj^aJS AiliLS (Ci 

cjUiJa j! (Pellets) jjjSj ftAdl ^ Xjuo li, (^ 

"(spheres) cA j£ J (shots) 

•ulj ukialj (O.Olg) v(Beaker 50ml) ^jU t.\&j ^ (Y 

lJ^\ (jjji! (J±i-uuj Ijj^ f&j 'Ukcall SJlldl qa Ly^j (50g) 

.■4,,11.^-11 S^Laii (jjj jA ijlj 

(25ml) Aj j (Graduated Cylinder 50ml) jbi^ (r 

^Lall QA 

Ayluaji jjU j)\ J** oil -^UL-call A^JaiJl ^■ V» (£ 

s-Ajld lS^> 

■ .lyL-all (air bubbles) ja otcUa j 

<jaj ^Lall IjSj (^ 

, 5^1: :.V.3 ii.Hc , .. (- 

(—i^uviu l^Jjlc-b p5j L-Sjiajll (3JJJ Ajk<ait AjsJakll cjla. (Y 
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4p4&i) ^U^i) 

Results and calculations ouu^Jij gii^l 

A. Determination of Density of Pnre Liquid 

JjUu .1 

.(JaJl S jSa AoJaljja} jiUaC-U ^jSi Uijjrf culUail (JjijC' 

1)Mass ofBealcer 32.59 

2) Mass of Bealcer + unknown liquid 40.24g 

jjj + plc-jl! (jjj 

3) Volume of unknown liquid 10.OOmi 

Mass of unknown liquid ~ 40.24 -32.59 ~ 1.65 g 

d = 
m 7.65 

10.00 

= 0.765 g/ml 

.Aiijiall ijusli (Jzo Jjlss-Jl Ai^ ;4i3A5Ua 

B. Density of solids lA^\ d jA 

1) mass of Beaker 32.6g ojj 

2) mass of Beaker + solid pieces 43.42g 

AjL-alt A^Jasii (jjj + UJJ 

3) Initial water level in the graduated cylinder 50ml 

jA^ll jUswall d&b 

33 

AAsl] fjfJLel gj'VSM 

d=_^-=3Z^?- = 0.7757 g/ml 
v ■ . 10.00 

I 

3. A term that is easily confused with density is specific 
gravity.:.What is meant by specific gravity? What are 

the units of specific gravity? 

j&J AlLi&l! £-« lH1 (V 

A^jjUit 6^j (> Uj hj'&A 

tA-jc-jiil 

specific gravity = the ratio of the mass of asubstance to 
the mass an equal volume of water (g/ml) 

Density = the mass of asubstance per unit volume. 
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j&UuSJl 

2.The density of diamond is 3.51 g/cm3 and the density of 
lead is 11.3 g/cm3. If equal masses of diamond and lead 
were transferred to equal voliimes of water in graduated 

cylinders, which graduated cylinder would- have the' 
highest volume reading? Explain. 

4il&5 (3.51g/cm3) tsjLw osU^l Ailis (r 

pu 6^jjUi4 ux^J jjj (ii.3g/cm
3j 

dfjjS Liyji Jiij ^^4 

, , ' - . (JAJ     - s 
Diamond 

When d i ^ v t 

.SJUI ^ ^1 ij CJB UK <jV lula ^Ul 

yv-. 
A metal object weighing 23.30 g was dropped in a 

graduated cylinder containisig 20.50 mL water. Iff he 
density of object is 30%^ what would be the reading 

of the water level (in ml in the graduated. 

a) 7.40 b) 23.10 c)0fi4 

ci' z 2n 

^7.90 e) 23.30 

* 'Zo■ 6o-t- 7-W 
if uU^a!) JisaljjU 
| 0795306216 

^-1 
I ^ vCSV" 

s)'-   

C -sL^ 

3 \S 

w\ -L-^ 

r*' 

3 

^UUJ) gjiV) cUju 

4) Final water level in the graduated cylinder 55ml 

UZ 9-^^ 

m - 43.42 - 32.60 - 10.82g 

v = 55 - 50 = 5ml 

, m 1Q.82 ^ , 
d - — = —-— = 2.16g / ml 

v • 5 

Questions 

1. What error would be introduced into the density of the 

metal pellets if you had not shaken the pellets to remove 

adhering air bubbles? Would the density be too high or 
too Sow? 

4-11 Jft g:JJ fi i jj SJjjaJi UJUS. tJ, ^Uil UaiJl ^ U A 

CH c&! fS 4^' V4^JaAll CjUUlii 

The density will be decreas 4- because v T1^ d -i 

<11 j] ^ JlUjjUa <jh-aJl Tdaall jjV AilKll Js cJlj^ 

c^iS (v) ij UKi ( d=p) <ilKl! -^VUj oUUsll 

.(d) ^UlKlt 
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EXFfiEMUT' (2) 

Formula of Hydrate quu^i 

Water of crystallization of potassium alum 

(X) fs-Ull dilijjs. JsJi& ^jai oiA ^ 

IvAl (S 04)2•XK2O AAjj-sa]! (illiaj (alum) X^uill 1 

pL<JI ^jy<i. <Li-dxil^,jj hydrate1 O4** 

, .(X) vUa fj <>j (aii'hydrous form) jac. Jlii JJ 

;^U B 

»uil liLuja yJc [ijitii wA^a ij\ ja ; (hydrate) yJUll - 

•M 

rfltu dmj hydrate -Jl & oJs pp yA nalum) 4^1 ~ 

[M1 M^SO^TmO) H^a Hm* 

 < Li+1 /K"1 ■ Na+1 Jl. (+^) Hx* ja-M1 

, ■    ■ Fe+3 . Al+3 dl. (+f) 43=^ Jta = Mffl 

IiAL{S04)2, XHjO :d&< 

39 

li\ ty^rc-l^, J, C^" Cj isz- f.J" -st-ltUA .'j' 

1-J \ 

w 
1 - 

kv & 

C \" 
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A^aUll 

Calculations 

KAL(S04 )2 .XH20 KAL(SOA )2 + XH2O 

Alum (hydrate) (an hydrous salt) 

CUUii^ 

{-huass of aiuni = 
Mass of crucible Mass of empty 

crucible . + mass of a um 
.y 

4 \.''i Ii UJJ 

+ (^jUiSl s.Ujil (jjj 
jjiajjull (JJS AjJill 

oltjll jjj 

^ <4jU-all 

—-——-—;—;  » ( Mass of crucible | ( Mass of empty 
12) mass of anhydrous salty+ massofanhydrous5a|t - 

CST^i 6jj 
Aaj + ^jUkiSl (jjj 

JJJLAH JJC. gtdll [jjitj-itill 

3) mass of H2O = mass of alum - mass of anhydrous salt 

SjJaaJl ly* 

41 

fUAjllll 

Experimental 

JUjilj < jlll! (JjS cliliLa icSA s-Uj 

fj* (j^olrull11 ^jLkill pUVI (jji JjsJJ jUajj^ij jUl! 

" jUll ^iki ^ "volatile impurities 0 mj! 

.(O.OIg) v.oj^ ^-hyi (Y 

ij* Ajjj -ij pUyi (alum) ^ 1.0 g (V 

."(alum) ujj y onj^ 0^ cjj^b" 

■J ((jjiSj 0 sxai JAAJ (jatjjjj jUii ^ jikiii ptjyi (.£ 

c^Uyi f l kfL AArVt.iV.i (Jlajjiy 1 ajIac- (alum) v >'•s ^ 

.Ajjjj aJ JjAll f-Uyl til JJJ 

J^iil A^jjjj jbll ^jc- -tLyj (jjUSjai s-Xal ASJJJJ jkil s-kV 1 JLW-J (0 

(jji iJs&jjj 0.04 g (j-« (Jsl (jpjjli (jjj Ij* jjjj 

'""<11 'LiLwJ ^yaliJij tilli 
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3-AUJ) 

AJUS OAC.LL>I>JJ ''' < > j (JiJl ^Va_jl 

.(report) jjjj&i 

a) mass of empty crucible = 20.07 g 

b) mass of crucible + alum = 2§.68 g 

c) mass of crucible + anhydrous salt = 25.31 g 

d) Mw of anhydrous salt = 260 g/raol 

Mass of alum = 28.68 -20.07 = 8.61 g 

Mass of anhydrous salt = 25.31 - 20.07 = 5.24 g 

Mass of H2O = 8.61 - 5.24 =3.37 g 

3.37 
&H.0 ^ = 0.187 mol 

5-24 noo it = = 0.02 anhydrous 2 (SO 

X = ^ = 9.3 
0.02 

^ Mwalum =260+ (9.3 x 18)=427.0 g/mol 

43 

<Asd\ pLA£1\ Jl&A £I^V) C^A 

4) = 
m 

Mw 

PjtQ ojlakil q" J 

18 g/mol 

5) faal^r] mw 

(V) SjiaiJl (> J 

260g/mol =L5j^tiAj 

dum = hydrate 

6) X = 
'M,0 

nnliydrous 
salt 

OR 
K. 

jjic- JOLJ ^3 ba 1+6 £-5^ (' 

■alum or anhydrous salt ^ 

7) 

rpi-i<isv"^nfrvTArT-Ry.'V3ifc 

Mwiytlr.„ = MwL^ + (x)*'Mw hydrous 
salt M 

L—jLulTi. 

3=31 UJ^J 1 MWhvdraie 

Ubl 
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pLLftjilj) jiiitoAJ 

Hydrate = is acompound that has crystallized from aqoues 
solution with weakly bound water molecules contained in the 

crystal. 

Example = 1) CUSO4. SHaO 

2)NaC2H302.3H20 

(Ji.1^ <iLJi Cjljjya. 

3. Potassium ferric alum has the formula: KFe(S04)2 
.XII2O. A sample of L26 g of this alum was heated in a 
crucible to get a constant mass. The mass of the -V ® V A 

^anhydrous salt produced (KFe(S04)2 was 0.72g. 
Calculate the value "x" in the formula of the alum. 

p-Ipj JaU ^ 1.26g (S'CFe(S04)2 .XH2O) c> (y 

(KFe(S04)2 i> (0.72g) CuIj ojj 

.'Uwi] AamjS (Ji (x) (-auiaI 

iiiHi0 =1.26-0.72 = 0.54g 

Mw(h2o) =18g/11101 i>) 

M^KPeCSO,),) = 287.09g/mol (^1 cj^i (>) 

45 

mH.O 
mass percent of H,0 = —^ x 100% 

m. aUun 

=—xl00% 
8.61 

=39.14% 

Pre- Laboratory Questions j£s^\ u 4Lwi 

1. What are alums? Give examples other than potassium 
alum. 

. A^fj) ^j£» (j; JfiS-l ? Ua ^ \ 

Alum = Aclass of hydrates consist of adouble salt with the 

general formula (M1 Mm (804)2 x H20) 

Example = NaFe (804)2 x H2O (Sodium Firrec alum). 

AjLii-aJ qIo (>s (JjSjjj CjLdl QA (j^aUv — Aiwll 

(M1 M111 (804)2 x H2O) 

(  cLi tIC tNa) (^■'") Aisui (illlcj 

(.....• <Fe 'AX/) {y*^) JJw^c, ~ 
% 

2, Whatare the hydrates? Give few examples of metal salt 
hydrates. 

.<LjiU / J& is&l CiUSj-cJl U- (V 
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A-dUJ) 

Questions <iwjn 

1.What is the effect on the calculated value of "x" if the 
dehydration of the alum is not complete 

"UwiJi fLdl (JA AAaSf JUuSi ^ J^b ^ U 

?(x) 

• '• 1 ' , ' . ^ ' -, ' ' ' ' '' '-• ; > ' < « t-V t(' 1 , -: - , _ v~:~^.v'•' - ,j . .,= • ->'••/J'\ '. jr, '-?''. r ; ^*' •;.^nSAiy 'f'*- ^ ^ I r - * ;•' ' "T^ LVS ' 

mH20 S'^ DHjO ^=> X I 

AX<JJ£-O ^jp. ^LJ! j^kMi A_d^jl Lu 

.4jj^^1 (X) 4^U5 Jjiaj Ji ^3J fUl CJVJH> ^ (jU^Aj dijjljj ^Ull 

w 
2, A student heated 1.40 g of hydrated nickel (II) sulfate in 

a crucible to get dJTTg of anhydrous salt What 1$ the 
formula of the salt? (Show your work) 

p-Ui ^ji ^iSUtl (ja (1.40g) ^ai«aj ^ (t 

t^Lail ^Lill life 'Aki.wH ^ Li .gJLdl jjS, ^IaII (0.77g) 
r 1 r m -l/' 'lv KS -%'i'* l' !»>>' V I / ' i.' r ' - j , / 'rXY!'''' I 7" ' - ' •' . - \ ■ . ' : 1 ' L s'%■'1.1 SsVy> ■«' # , ■'//.J'' ■-'Al* 

•:r,v a*.; . .. r.' •. y. '' - i, ._ . .. fM': " 7v'-L"; l r ,i 

'Uloc. (JJS 

NiS.04. X H2O 

AiA-v!\.\ (x) A^j5 tiljjj 

mMj0 ~ 1-40 — 0.77 = 0.63g 

- 47 

CUia 

m 0.54 
11,110 = M7=lF=0'03mo1 

t 
tii ~ 0 72 

n.jwd™,s 
=^ = ^Lo9 =0'0025mO1 

X = --!*---Pl.n.96S.12ml 
na%drons 0.0025 

alum = KFe (804)2 ■ 12H2O 

' V J1 ^ 
HvO ^ > CL 

d ' " Vv ^ 

' T"' "C 
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Questions 

mMmm 

0:809 g sompfe of si hydrate was heated to give M83 g^of^ 
anhydrous product that has a molecular weight of 159.62 
g/mbl. How many H2O molecules are there in a molecule 

of hydrate. ? 

a) 8 b) 12 c) 7 (d)6) e) 9 

Mass of H2O = mass of hydrate - mass of an hydrous 

= 0.809 - 0.483 ' 

- 0.326g, 

^ in 0.483 „ .0 in_3 . 
U (an hydrous) ~ - TTTTTZ - -> -03 X10 mol 

Mw 159.62 

m 0.326 V\ a i o i 
      ==0.018 mol 

Mw 18 

moles of Ho O 
A. ~ ■ 

Or X = 

moles of an hyrous 

moles of H,0 

moles of hydrate 

Because moles of hydrate ~ moles of an Hydrous 

(Jt jjjJi ^ 'djSJi dnia&l (^ill o^Ldi UyAuia. (JaJl QJ&J 0 

49 

iaUi) 

m 0.63 ^ , 
nH 0 ='     0.035mol 

5 Mw 18 . 

MWo|i^(NiS04) = 154.76g/moI (c5Cy) 

n i , = — = 0,77 = 0.00498 mol 
'<■ M,v 154.76 

nH,0 0.035 
x = —5^- = —4   = 7.03 » 7 mol 

0.00498 

" Formula of hydrate = NiS04.7H20 

3. In the . formula of hydrate experiment 
(NaCr(S04)'iH20) was used the value of x was found to 
be l5. if the mass of the anhydrous salt was L65g, what 
was the mass (in grams) of the alum used? 

(molar masses (g/mol); Na-23.0, Cr=52.0} S ~ 32.0 O — 

16.0 andH- 1.00 

a) 12 b) 465 [c) 3.10 d) 501 e)2.87 

rna\c^ kn W^drcrt^ 

Q vndlcy.l HtO Jt.wmmr.r „ 
v[/ uily«l! 

(jT) ^ 1 0735306216 

^ r U O ^vHasi-'p r yna^yf ^ VV1<5>^ H K? 

J 
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^ULa 
3B9B5SESI • B^BBSBSS I *|\r»*»«j*i^,w»'-»-*ir*(»ii^h»wiibi»iii^ic^«i3Bs^^iiB 

Calculate water of crystallizationfX). 
rw   .J>)5 c) 6 ; d) 7 e) 12 

m H20 = m hydra(e - ni an hydrous 

1.5 - 1.19 = 0.31 g 

m 
nu - — H,0 ~TZ 

Mw 

0.31 
= — = 0.0172 mol 

1 5 

X = -^ 
^ hydrate 

Oj&iil U f^u ^ hydrated MjJt Ml 'J>a! ^ h^, 

•^sjUI SJloil ^ jjj U£ 

til 1.5 
hydrat,, ~ Mw = 350 = 4'29^10 ™o1 

^ ■ 0.0172 A = —  = 4 
4.29 xl0~3 

Give the following set of data: 

- Mass of empty crucible ~ 16.00 g, 

- Mass of crucible + bydrated salt = 17.26 g. 

- Mass of crucible + anhydrous salt - 17.00 g 

- Molar mass of anhydrous salt - 208,3 g/mol 

51 

£)juy) ^llsu 

cKi ari hydrous J yj^i! Ml ^ ^ » 

•djVt 

v _ moles of H?Q 

moles of anhydrous 

v 0.018" . 
x=i^TF"5J7=6 

Which of the following statements is correct? 

R)| ^ some carbon were deposited on the outside walls of 
crucibled during dehydration then the calculated 
value of x (water of crystallization) will be higher 

than the actual value. ^ 

b) C11SO4. 5H2O is an example of an alum. 

c) If the mass of anhydrous salt and alum are 0.65 g and 

1.55 g respectively than the. mass percent of H20 in 
the alum will be 42%. ^ 5^ % 

d) Incomplete dehydration will incr^se'the calculated 

value of (x). « 

e) If 1.0 g of alum used instead of 1.50 g then the 
calculated value of x will be lower than the actual. &< ,>L 

Given the following set of data; 
- Mass of hydrate - 1.50 g. 
- Mass of anhydrous salt - 1.19 g. 
" Molar mass of hydrate ~ 350.0Vmo]. 
- Molar mass of H20 - 18.0 g/mol 
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' "" ' ^ "■ ^ ^ ^ 

«ll * MH p | te®lp m * 

EXPERIMENT |S| 

he Empirical Formula of an. Owde 

| -.;. 4^ 4V't ■■U-Mii! 

mSli 

53 

^UJ) p'U-tul!! jjlft«flJ 

- Molar mass of HiO - 18.0 g/mol. 

Calculate the water of crystallizadon (X). 

fa)! 3 b) 4 c) 5 d) 6 e) 7 

mass of hydrate ~ 17,26 - 16 = 1.26 g 

mass of anhydrous = 17.-16 -lg 

mass of water = mass of hydrate - mass of anhydrous 

1.26 - 1 =0.26 g 

=> n„« = - •^-- = 0.014 mo I 'H,0 
Mw 18 

mo1 

x _ £k| 0.0144 ; 

nsllMro„s. 4.8xlO-3 

i'Jzf 
0f ualj^Ji {Ux 

0795306215 
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EXPEEIHHT (3) 

The EmpsricaS Formula of on Oxide 

iwS/yj lul^l 3%aJI 

SjV (Empirical Formula) jUjU Caj^ 

qjj tj—c (> -iilij (Magnesium Oxide) 

jjjj 

u^_j (Moderately Reactive Element) yolill ^jB 

^ 0 |aj.;'.i.ii—(A II) Aiilill 3x-jxa-a11j fU^jSj 

c!jlj)lali (Ji (Jla. -dLa. (jl-N .^Vl 

pLda—JJ "^juLLUI (3®^(JJ^w'Sy^l •ija.JJ 

.(Intensely White Flame) 

(Mg) A_<,^ln^Q (_^ ^jSJ ^_j2S Aj^so 

JUl^i c5j-di=u (jiJl £* (Closed Crucible) 

1 A^-JK £ a (Jc-lsljxUj JJjjll J (O2) cj* c^J 

fti-jb (jjiuj c(Grayish-White) cMnll Jj ^hC> j (jjh Sjjjj ^1 

.(Magnesium Oxide) smAJ A 
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'Uwi 

hon ) 4_jiU u>, &t&j j^i ^ ^ ^ r 

Ji-^t ^ i(5 minutes) ijilij ^ sjJ jUatVlj (Ring 

' (I 0.7^' bJ^^! flc_all 

I ljj '(JjiJ y- Ujjy ^ ^ s^ u^. ^ J 

i>i3» sl| Ujk ^ o.o2g ^ jsst oujji ^ J^a 0is 

• ujjJI (J^mj yu* oSjj Ujji 0.02g o-* J5t (ji^ lij Ut ■ 

r^tU 

M=UJ OJ^l JiU SjUill ^UaA] 3ol * 

Jlj^t ^ ^Too ^ ^ ^ ^ 

^ J^u M^Jil u_^ fja t(Allow tlie metal to inflame) 

Will cany ) ^sj ^ ^ 3jL^ ^ 

.(part of the solid oxide out of the crucible 

Crucible begins to ) ^yi ,> 0u^ li^v Uj * 

2- tiA v^ili AIIJIj SjUill (smoke 

.3 min 

._U   cL-d! (10 drops) lUii 3^c. u^j ^lUJt A 

'(Medicine dropper) SjLJ^I (distilled water) 

Oic. Uj^Vl iaui j j 

57 

A^UJl ^LujSij j&Lal 

.(Magnesium Nitride) (Mga^) >i-u.t /v.ii Ajyiij , Y 

(Reactivity) a—-ilc-Li jSI (j^—Sj 

cs^l Ut*^-JV! 

L-iait t-JTiiU Ai^/ (Mg3N2) (j4i>.jjiul! Ajjlp (_ya (j^lrC'ill luio < ^ ; 

C5^j "d f'Ldl AiLjaU tillij ^jAi-juii-dl Aj3iAjll AJu^-ajl yWt 

® jl d*^ (d 'AjIaj (Mg (OH)2) ^JjWni-dl Jujuj$jjJjA 

1. Mg3N2 + 6H20 3Mg (OH)2 h( 2NH3 

A 2. Mg (OH)2 + heat -> MgO+H20. 

aJAU^II i>o (Ajnmonia NH3) 3^ 

.AJJ^JJI l]31A jLUi liA AAJI J (3Jlj jjl |xylalvuj 

A—juJ Ji—>u ^j£xi>—AiuiSjl (jjjyb j ^j,wujiv2l UJJI (*j'ai 

Aiowall JjOaj ^«iSfl 03J jA 0^3jll clW 

(Empirical Formula) A-uijuil 

Experimental c^di 

aW-^j fj—iBj (cover) ^LJaij (Crucible) ^jL^ill ^byi 

.("t5 Jji AiK. IgjV jA=U ol j^Vl iiAA LUUJ) A 

.(Magnesium ribbon) ^jj^Au^dl AJaj3i! 0^ (0.2g) ojj^ ^ 
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f Uulll J^ai 

Questions ' 

1. What is the mole and molar mass? What are the molar 
masses of magnesium and atomic oxygen? 

^ Uj) AS&\J tJjjrJ J&U {) 

(>S*3 

Mole: the number equal to the number of carbon atoms in 
exactly 12g of pure C12 equal to Avogadro's number = 6.023 x 
I023". 

CSjh«4j C 2 CH 12g ^ Cll jj J^C. /JjLuJ jA 

."Yr i. x 

Molar Mass; the mass in grams of one mole of the compound. 

^.Ij] jiJU (JjjJt jA 

'ls^ Jj-^l 0^ Mg '0 {j* j-d! yj£l! 

Mg = 24.31g/mol. 

O = 16.00g/mol. 

2. When 0,192 of phosphorus is burned, 0.44g of jyhite 

.jjxide is obtained: 

a. Write a balanced chemical equation for the reaction 

of phosphorus with molecular oxygen based on this 
empirical formula. 

. b. Betennhie the empirical formula of the oxide. 

59 

4*UJ1 

oLwill Jja-j")! idlij c.; Ig l i Lyi-uullj J p-UaaJl Awu .V 

W9—'"Red Litmus Paper" f-\j—^31 jLc. a5jj A 

'—I—l» ..VluiJ (JijjVl Ojd} Jjauj Cll.iTt.i pUVi (_3ji 

8-10 min sod d^j (NH3) 

•fJW^dl JJ (Mg (OH)2) 

"•Mjdj <lLXti-_3 Ju*j ^ 4^ jjj ^ aJjd *uyi (iljjj .A 

(> dSl (jdljldt (jjj (jt ii<AJ 

■0.02g 

(MgO) jj,x.dl '\)'» .Ajl (jjjj (Mg) jijiuuii-dl (jjj cjLui^.j ^5 . 0\ 

m^sL fjiMikJl (Mass Percent) Ajjidl a^\j 
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Results and Calculation g^uiSl 

a. Mass of Mg =0.248g. 

b. Mass of Mg oxide = 0.41 g. 

1. Mass of (O) = 0.41 -0.248 - O.I62g. 

^^^ = 0.0\02mol 
Ms 24.31 

w _ - o .01 mol 
16 

^feooioz ^ q .oi 
o.oi o.oi 

=^> Empirical Formula - MgO. 

2. Mass percent of Mg in the oxide (Xi) (Experimentally) 

Mass of Mg v1AnV 
i Mass percent of Mg ~ — 7T777 /0 

V 1 Mass of MgO 

= £^^100% - 60.49% 
0.41 

3. Mass percent of Mg in the oxide (X2) (Calculatedjrom 
MgOj: —— :—7^ 

.(MgO ^ 

o/oMg = Jli!^^Lx100o/o\ 
g M^MgO) 

61 

jjiuill J g''t ^ ^ 0.192 (Y 

^ 4 

jUfrVU 

:(a) (^) ^ 

A 

mp = 0.192g. 

m0 — 0.44- 0,192 — 0.248g. 

M 0.192 rt 
n = 

M 30;97 

0.248 
n ^ = 

O O.OIS'! ') .01, J.) 

1). V 

Pi 02.5 

=> Empirical Formula = PaOs. 

a. 4P + 502 -> 2P205. 

JJUtfl .l.-v- 

0.0155 mol 

-Vufill 61A 

2_ullj ■Kkxszi HriJ^ 
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^ 

Questions ^Ji\ 

1. If water has not been added to your initia! product, 

what error in the determined percentage of Magnesium 
would have resulted (that is, if part of the product has 
been Magnesium nitride)? 

«Uwu)j JjJaj ^ UaiJ! jk U JtjUB p-td) tiUcaj 

^"Mg3N2 j& gjUl ^ p.(j! jLuC-U" ^jjWiijLdi 

SolutUHiv. 

Mass of Oxide i zz> Percent of Magnesium T. 

2. If large amoont of magnesium oxide had been lost 

during the, heating of the crucible, would this have 
made the calculated % Mg in the product too high or 
too low? Explain. 

p-UVJ fUjj pjAwui&dl £yi d■'UAS dtjM 

■^sj Mg% SjUJj Ik 

Solution, 

Mass of Mg = Constant (Culli) 

=^> Mass of MgO = ^ 

=i.%Mg=fr, 

0795306216 

63 

JjU^^S ^ULa 

24.31 
-xlOO % = 60.3% 

(24.31+16) 
t 

4. Percentage error ftjldl U«Ji Wi) = (X2-Xi)/X2 x 100%. 

'LwAi ia. JJ V 
Ua SjUiiU 

• _ 60.3-60.49 

60.3 

= "0.32% 

xl00% 

\ AcWcJ - ^P' \ 
i\o* */ 

AcfutrtX 
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4. A compound containing only nitrogen and oxygen is 
63.54% N by mass the empirical formula of the 

compound is: 

a. N2O5 b. N203 c. NO d. NO2 

Mass percent of O + mass percent of N = 100%. 

X + 63.64% -100% 

* Mass percent of O = 100% - 63.64%. 

= 36.36%. 

e) N2O 

-* <(j* lOOg ^ 

Mass ofO = 36.36g. 

m 36.36 
"(0) = 

(N) 

M. 

m 

16 

63 .64 

= 2.273 moi 

5-V 

M w 14 

. N 

4,546 

- 4.546 mol 

O 

2.273 

2.273 

%o"/ 

2.273 

5. At 3^^0'of element M (At Wt. ^32.0) reacted with an 
excess of element X (At. Wt. - 19.0) to produce 14.6g of 

compound containing M and X only- The empirical 

formula of the compound is: 

65 

3. Oiioride oxide is:,_S^X%^ by mass CI. What is the 

empirical formula of the oxide? 

a. Ci20< b. ClaO 0^03 e. CI2O2 

jiiliiigiiii 1 m   

Aa.j;! -of ^jiilOOg.UjfljJI ^ 

=> Mass of CI = 59.7g. 

=> Mass of O - 100-59.7 = 40.39. 

m 59.7 
na 

n. - 

M... 35.45 
= I.684mol 

rn 40,3 

16 
= 2.518 

1.684 
1.684 

Q 2,518 
1.684 

Oil Oj.3 

dlii. cjlui! Empirical formula J V 

tjl Empirical formula -J1 (> Y—j 
* 

.LsjIJ Cjljjjl 

j>2(Cl: Ou). 

P'/giroT-l 

64 

Nadher Alshamary



4^UJ! fUuSJ) Jsuk^l 

Mass of the compound = mass ofN + mass of O. 

6.2 =1.4 + mass of O, 

=> Mass of O = 6.2 - 1.4 = 4.8g. 

1.4 
nN =—"O.lmolj 

4.8 " ") 
n°=M3m°y 

m 

NjOs, 

7. Given the following set of data: 

- ■ Mass of empty crucible = 40.0g 
- Mass of crucible +Mg = 66.0g 

- - Mass of Mg-oxide produced =43.0g 

O Determine the empirical formula of the oxide and mass 
percent of fMgin the oxide (ExnmmeMMb). 

mMg = 66-40=26g 

t^oxide ^43g O I "f 

Mass of oxygen = 43-26=17g 

67 

g) 4 ^"5 ^ 0 

g) ^4 

(i? 

) 'L 

?Uu£4| ^UL. 

a. MX, 0MX, c. MX2 d. MX4 e. MX-; 

Mass of a cofnpoond = mass of M + mass of x, 

=3,2 + mass of x. 

^ Mass of x= 14.6-3,2. ■ 

—11.4 . 

m 11.4   
nx = 

Mm 19 

X 
- 0.1 

^ MjXV 

= 00.6 

6. A sample of a nitrogen oxide gas Sias a mass of 6,2g. If 

the compound contains jig nitrogen, its empirical 

formula is: ' 

a, N2O 3 j 0. N2O3 d, NO; e. N2O5 
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nMs = 
m 

m.. 

26 

no ^ 

2431 

m 17 

= 1.07mol 

m... 16 
= 1.063 mol 

Mg 

1.07 

1.063 

Emperical Formula 

- 2.* 

O 

yi^/e 

1.063 

1.063 

^ (^£3jaII 
07953062X6 

6O.H(> % 
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juLal 

fiXPEEIMENT (4) 

Limiting Reoctont 

Objectives 

Limiting ) (J-oLlt ai4> 

(Sodium Phosphate) ^cAJu*^ (Reactant 

uAA^jk c^lj ^ ^uUlt (Barium Chloride) fjjjUl) 

oii^LJi ^ ^ikL^ UjU (Barium Ghlol^) fj^jUl 

.(j-LaVl LJI-NI) Qnlc-l^LiJl 

Introduction (io^Lai) 

Aic-Uid! *\jA\ ^ Jj (JoUilj ^ J J 

j^su (J^Uil! AL.Uldi c^ldl (Reactants) 

'(Limiting Rcactapt) -^-dl -lLUII l^L. (jlLi lilid LaJildl a^s 

UJ^J ckudl <.1^1 ^ ^ ^ A^lildl ij.dlJ 

.(excess) 
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£\^i\ 

di—JAJ 4JJIIA JU A-*jduj 'Ua.La.j p-lcjil 

20 min saa! ^iajjjj ^80"90C0^ (J^i^xlt a=>.^)A 

ij (gravity filtration) ajjUII oj^a]l ^bdi U cj^IjII . £ 

\ l_lAJii jl! Jljij ^sJ Vj] Ulw,!jll (Jjfl ^LAJ JjL^cil UjLjU 

L—C'jil (ji jA=kJ L-luii^j]) lIjjjj "Sjjlil! SjlttC. lilSij" 

..Uj SI C,1 ttll [j   5ml  i C-Utll jll (JjJUU aj (^Iwt ^Uu "Ouuij 

Rinse the precipitate with two 5ml portions of" d£j—* 

"hot water 

Oml hagax {J^ ^dsJj 100ml (JS jjjU-J 

.A/lAc- Lo^L-J {jlc' (S ■ rt.lj OJjil) AjLsC- (JjA ^jUJI (j-C 

(Filter Paper) s_^iiall uawiI^I! (Jjjsxi . t 

.Louiljll ^ ^UJj aJI JV JjjSjjVl jl ^jjiuuVl qm 25ml 

20 min eA__J (110Co) di^Sojh ^..v^.i 

.Ajjjjj Jjxii A^jTu 

Determine of the ilmittng reactant in 

orlglnai mixture 

:^LaVl ^JU JaUJI 

I. Test for excess POf3 (POf3 S^UdS ) 

fi j3,iL-.j 1—a^c.j$\ jo.y (0.5M of BaC^) i'j^ 

.V 

the 

AjAaJ 

L "i.)Ja.} 

•JjVi 
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f U^sji 

djliuijS Q* (JalUk-o jjj (JC-UJ LJijji* oiA ^ 

^ijiljcliill c_u^ (BaCli)-^^ ^jj^j(Na3 PO^) 

^NasPO^gq) + BBaCl^aq)"^ Ba3(P04)2 ~i_ 6NaCi 

: jUsll£ (J&liUi Sa^J (net ionic equation) SjjjjVI oj^j 

2PO-34M + 3Ba+2
Caq) -> Ba3(P04)2(s) 

(Sj*^ (unknown composition) q-^dlS -1=^ 

Mw = 244.2g/mol7 ) j (Mw = 380g/mol, Na3P04.I2H20) ^ 

qC- ^jjjj pLalb JaolaJI SjlA Qa tAAa^ A_UiS AjIaU fjsk (BaOIj^t^O 

c-s^ljll ojlli Akjj 4(Ba3(P04)2) (> S^'j 

aja^ (jjh^l (J^l^ (excess) ^ jJSj (Limiting Reactant) 

.aIj^-JS Aijxll (Ja-tA jiilftlildl (^ijAUjS QA (J^ Aj-oS 

Experimental 

400ml oL—frj Aiaii lg Lj^Sj aaaj (jjjj . 'i 

.(400 ml beaker) 

^lall ^lAaJdjU iAto. A$2001111 duxA>j .Y 

<-u_w( jiS csjrs. A^jij <AfljaA SaJ (glass Rod) ^Loll 
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UjJI PLWLSI juLA ^ 

cu-jji 0.35g Na3P04. laHjO 0.65g BaCl2. 2H20 o— ^ 

Btl3 (^04)2 U™™6 A.,..I ^ l_lui«^! 6 Lc^-la 

3BaCl2. 2H20 + 2Na3P04.12H2O Bas (P04)2T6NaCi; 

m - 0.65 m = 0.35 m = ?? 

Mw = 244.2g/mol Mw = 380.2g/raol 

Mw= 601.84g/mol. 

m 0.65 „ • 
=—~ =2.66x10" mo) 'BaqZHjO 

n 

Mw' 2442 

m 0.35 

66x10 
87xi0 

Na,POu 1211,0 
Mw 380.2 

9.2x10"4mol 

9,2x10 
= 4,6x10 

.{L. R) JuJs\ 

2mol ofNa3P04. 12H20 1 mol of Ba3 (P04)2. 

9.2 xlO"4 4 x 

9.2x1 Or4 

n B.:(P04)2 -4,6x10 mol 

mB.,(po.)> = n x Mw = 4.6 x 10"4 x 601.84 = 0.277g 
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A-W) 

IT" 
.Na3P04 - -1 

^CM/j / / 
•Na3p04 = <= OjQI ^ If v ^3- 

2. Test of Excess Ba+V(Ba+2 c>> S^JJl SjUU ^j^aaiv 7 ^ 

l^UW (O.'/m ofNa3P04) (j-i t. <ii. 

/ ^^ / 
.BaCj/= Ijj 

/ . s / " 
.BaCI/= <= y^Sj f 1 j] 

Fre^Laboratory Questions u iliwl 

1. NaaPCV I2H2O and BaCl2. 2H2O are examples of 

compounds known as hydrates, what are the hydrates? 

Give other examples of hydrate? 

oL-jSj* (-Jo a&J ^ Na3p04, I2H2O and BaCt 2H2O 

Jiul JaJ 4^U CilJjJt Ls t4jUU 

Hydrate ~ Molecules contains: 

Water molecules (H2O), example alum - M1 M111 (864)2 x H20. 

(IG\1(S04)2.XH20) 

2. A mixture of 0.65g BaCl2. 2H2O and 0.35g Na3p04. 

12H20, was dissolved in water, which of the two reactants 
is limiting reactant? Calculate the mass of Bas (PC^ 
precipitate formed?, 
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U*l\ 

Questions ^M\ 

I . Calculate the mass of Ba3 (P04)2 produced from the reaction 

of 0.85g Na3p04> I2H2O with excess BaCi2.2H20. What is 
the purpose of heating the mixture in step 3 for 20 minutes? 

Na3P04. 0—^ 0.85g o—* Ba3(P04)2 ^ 

Jaj—iaJl ij/i Lj .BaCl2-2H20 Siilji ^-0 I2H2O 

sjJaiJlj (20 minutes) 

iMilUtiOTl. p'-'. N '.y, v 1 >' • 

0 85 
II Na;4P04.12H20 ~ 2 go 7 ~ 2.24x10 mol 

pmol of Na3p04.12H20 ~> 1 mol of Ba3(P04)2. 

2,24 xlO"3 mol -> X 

2.24 x 10~3 , ^ 1A-3 , 
"oMPon. =■ 2 =::1*12xl0 mo1 

lhnU3<po4)j =nxMw =1.12xl0"3 x601.84 = 0.674g 

KVe heat to increase amount of product by complete the 

Reaction. 

. Jcliall JUj^I ijc. sabjl 

J. What is the purpose of washing the precipitate with hot 
I water in step 4? 
I Mow would the reported percentage of the excess Reactant 

I be affected if the precipitate was not washed in this step? 

77 

^UJI J£La1 gUkA 

Results and Calculation 

Mass of mixture = 1.54g. l 

Mass of precipitate (Ba3 (P04)2) = 0.8g, 

Limiting reactant in salt mixture is ~ Na3P04. I2H2O. 

Excess reactant in salt mixture is = BaCla. 2H2O. 

11Ba (po ) = ^—-1.33x10^mol Ba}(P0',)z Mw 601.84 

q—o (Limiting reactant) ->4 cLUil ci^Vj* ^ 

I-AajUII ^2i.l 

Imol of Bas (P04)2 —> 2moI of Na3 PO4. I2H2O. 

1.33 X 10"13mol ■-> X 

n^Po^jH.o =2x1.33x10'" =2.66xI0"3mol 

= nxMw = 2.66 x 10 x 380.2 = l.Olg 

Mass of Bac(ff 2H20 =1.54 -1.01 = 0.53g. 

IN^PO, i2H20 = ^ofNa3P
0

412H,Oxloo% 
Mass of Mixture 

1 01 ' 
= xl00% = 65.58% 

1.54 

%BaCl, 2H20-—xl000/o-34.41% 
2- 2 1.54 
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•» t* -v« 

(Limiting Reactant) lW*31 

J—-aUll j—% OJ^J ji*-aVlj oJlCljX«U-Jl ^Ac. 

■ ^ S-K. 

0.2 
N2 => - j- ~ 0.2 (limiting reactant) 

H2=3.~ = 0.25 
2 3 

^2 (JUL-a 

.^jljil) AOAS C-JLI^ J^Ull 

1 mol N2 —^ 2 mo INH3. 

0.2 mol N2 X mol NH3. 

Moles of NH3 = 2 x 0.2 = 0.4 mol. 

Mass of NI-Lj = n x Mw. 

= 0.4x (14 + 3xl) = 6.8 g . 

yl^UVl ^ "cy&x* csiSUu jf Jj^sJl (> Mw 

4. Consider the balanced chemical equation: 

2AI(S) + 3Br2(t) —> 2 AIBr3(S), 

73 

sijLL1\ om ^ ^ iji s^iJ]| AioULJi SJUI AWI 

To remove excess Reactant and impurities from the precipitate. 

.^\Jk AllUi! o^utjll AIOUJSII SJUI aJI jS/ 

u.^ cLiij ) ji 

Mass of the precipitate f mass of the Limiting Reactant t 

Mass of the excess 4 crri> percentage of the excess ■ 

3. Calculate the mass of NH3(g) produced when 5.60 g No are 

reacted with 1.50g H2 according to the equation? 

N2+3H2^2NH3 

a) (feK^ol c)8.50 d) 9,80 

;Uc'Ul^t <> ^ aS\ c(s>U) 5^3^ 
.(Limiting Reactant) cLuil 

_ M 5.6 
Nj - 77- - 7-77 = 0.2mol 

Mw 2x14 

M 1.5 
fij ~ 77- = 7-7 = 0.75moi 

Mw 2x1 
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^oWu.l.jj "Limiting Reactant" lU^ ^ Br2 

jiil 

b mol Bra ^ AlBr3. 

b.04 mol Bra -> x mol AlBrs. 

2x0.04 
Moles of AlBts - 0.0267mol 

|n(AlBr3) ^ n x Mw. 

= 0.0267 x 293.7 = 7.833g. 

5, When 20.0g CaHe .and 120.g O2 react to form CO2 and 
paO, how many grams of CO2 will be formed? 

I y. 18 

Solution: 

b. 36 .c. 54 (d)59 e. 

I' =J^=—20— 
ClH6 Mw (2x12+6x1) 

•■= 0.667 mol, 

HO , 
n = — = 3.75moI 

01 32 

2C2H6 + 702 4C02 + 6 H20. 

.(Limiting Reactant) cUWi '-r1^ 

6.667 
C2H6: 

2 
= 0.334 

81 

Calculate the mass of AlBr3 (molar mass = 293.7g.mol) 
produced from the reaction of 1.620g A1 (At. Wt — 27.0) and 
6.392g Br2 (Mm. = 159.8g/mol): 1 

a. 9.398 b. 14.46 c. 8.615g Wj7.H32g e. iO.lSg ^ 

+ 2(1) 6(S) 

m - 1.62g . m = 6.392g m = ?? 

Mw = 27g/mol Mw = 159,8g/mol Mw = 293.7g/mol. 

(Lsbdi Qa JUvta Alxilildl ^>4 (jiul AIjS Ua^S Ajl UJ 

.(Limiting Reactant) 

m 1.62, AA/, , 
n AI = = = 0.06mol 

A- Mw 27 ■ . 

m 6.392 
ir2 M... 159.9 

0.04moi 

Vx" -» 

^ w oV f A "Limiting Reactant" J^UJl 

Al 

Bn 

0.06 
2 

0.04 

: 0.03 

0.0133 
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f UtulJI 

1 125 
O, ==>-——=0.284 

2 II 

4 mol FeSi -> 8 mol SO2. 

0.835 mol FeS2 -> x mol SO2. 

Moles of SO2 = 1.67 mol. 

=nxMw ■ 

— 1.67 x 64 = 106.88g. 

^690g of an unlcnowu mixture of BaCl2.2HzO and 

Na3P04. 12.H20 was dissolved in water and heated at 
80-90 oC for 20 minutes. The mass of precipitate 
formed was 0.2Sg, when 2 drops of BaCI2 solution 
were 2 drops of Na3P04 solution were added a white 

precipitate formeclf"Calculate the mass percent of 
. iimitsug reagent in the mixture. Molar masses (in 
g/mol): 

BaC12.2H20-244.3; NaPO4.I2H2O-380.2;Ba3(PO4) - 602.0 

(the balanced chemical equation) 

2 Na3P04(aq) + 3 BaCI2(aq) ^ Ba3(POfl)2(s) +6 NaCI(aq) 

a) 47.0% b) 53.0% c) 55.9% d) 44.1% e) 50.0% 
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<uui) 

3.75 
02=t> -y-= 0.536 

I 
C2H6.J^-d! 

2 mol of C2H6 -> 4 mol of C02. 

0.667 mol of CzHg X mol of C02. 

Moles of CO, = 1.334 mol. 

nicoa ~nxMw. 

= 1.334 x (12 + 2 x 16). 

= 58.696g « 59g. 

6. What is the maximum mass of S02 (Mr 64.0) that can be 

produced from a mixture of lOOg FeS2 (Mrl19.8) and 
100g O2 (Mr 32.0) gas? s.itc, 

4FeS2 + 11 O2 2 Fe203 + 8 SO2. 

a. 85.4g b. 117g c. 96.1g d. I30g (fl^^OTg 

O- 'I07-5 

m 100 
n—   ~ ~0.835mol. FeS2 

Mw 119.8 

11 o, T7— = = 3.125raol 
Mw 32 

0.835 
=0.209 

.(Limiting Reactant) J^UII w 
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EXFEEIMEM (5). , 

Determination of acetic acid in vlnger 

4j4lf 

A) Determination of acetic acid in Vinegar 

4iL.Al o^3—^ u—4 > : (Vinegar) 

^jl—.j-^a Jj_,lk^ ^.(acetic acid CH3COOH) 

:kA\j\\ AjjjjAii uLuia. NaOH (> "J>4^ 

' CH3COOH + NaOH C^COONa + H^O 

^ l^J j4JJ (J^ liiM U>VUj' 

iUA j 0^3?- 

lsjU^ Jjk— NaOFI —i ^ (^ 

cjSj]i jjj^ ^ ^jAjj jj4 (Secondary Standard Solution) 

SJ jSU Jc. JiiUj (hygrossobic) ^11 ^ ajj^SI 

r .1>\l JjS o 34d S^H "t-Jjioli 6^ J^] 

_4iU<i (JSdj JLolsu ^l p-jid! (^3 IAJUV*^ (JS Iji tOJjWdl -ULJC. ^ 

.NaOH j4> c^- • 
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uaji c1^ 

IjlH ^ ^ Ajjl J^u (Phenol Pthalein) cJui\S 

L,^l (jj^l J! (acidic medium) (Colorless) 

(Basic Solution) ^ (Pinlc) 

Ixperimenta! 

A ) Standardization of NaOH Solution; 

:NaOH & jjU^ J 

linker " ^ l^ajj NaOH c> (l-2g) 03^ 

|]jjl5 Aliu fUil (>> AiiK aj-oSj NaOPI ajs "50 ml 

(3^ UiSl-aJj 100ml 

jSUii" lAtt. ojjjlill ^j cs^" 

(.LaILi aIuu ^ "NaOH eijlxu^d ALol^ Ajiij 

B jjliii 6^ AAvhtil (Distilled AVatei) 

.Lb jjjajj l&Ai^cb-U 

llje. KHP KHP i> (0.2g) &M* (4 (t 

llip £ A&jU ^j. (flask 250 ml) "Ojj^ CxjJ* £ i>j 

L Uaj 0.2g (J& WAOAj 

ujj , 

I AjjjUii (Distilled Water) jAiUl ^ (50ml) t-a^ 

i Ijjlill ,AjW KHP oJiU i}JS CJjil iJ^. ! Aia. 

89 

A^isJ) £.^V^ 
    mSSSSaSSSKSXS^&i mn'm wwi SB555>^5fi ■i'lniiHiHi'i 

ajj&jfi Ak_y~4 o_)jL«^4 Akjs^i j 

Primary Standard ) AJj (Standrization) 

KHP — ) ^ SjUI feAs. jjSJ slii, (Substance 

yiuil Aia«dl Liiii^ j£\j (Potasium Hydrogn Phthalate 

.(KHC8H404) 

Cjjlii S^Ldl lilii e^La 

•^yS AjliU l^-La Clulijj (jJiw AjK-« ^JKVUUJ JJ>« 

' djN Ai ^o-ibdi dih {jA 

_ *■ ■r1^ AjIAC. '"' - 

KHC8H4O4 +NaOH -> NaKC8H404 + H2O 

l(jl AilauJi [jja la^AAj 

NaOH ^ = KHP cttj* ^ 

S JAMIAA NaOH _3J5_JJ Ai^s-a ^OAuajU 

(j^sxo. jjSjj ■ii.w'ii cjjj^" ^NaOH A"U (V 

Ik-a ujja ^1. AS^UaII JiJl ^ (acetic acid) 

.^-_)jji3il AjI^J 
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A-aUJi 
ICinuini u . /nMtitin twrurr^-^-^iMIJ&Sia^zrMVtfllZsttt&AeWrVmrrri wrM^*gcufm»T^fgp<Vium*»c-Gia^-77»Tto*r«. 

"This assures that the standard solution will not be 
diluted with distilled water adhering to the buret wall" 

Ji.b (air bubbles) pIja ejlalii ^ ^ £bj 

.L&jU. tlilrdlaJl 2-1 >y lillij 

.»jjU-di ajIoc. cJjS NaOH —1 ^=di ("l 

'< KHP (Phenol Phthalein } ^ Jalij V <. v> -J. (v 

AIJ^-WJ tdljij KHP (SjizA O ptiJa-U A$JJ j 
ft 

UJ^-5 -Kx!)Ljj LiajjJu NaOH Aiti-iaU jaj 

<aU=. ^ ciijll jjj^ ^ liK=J (Pink) u^l 

AjW- pliikVi AjUc. ^ Jjial CliSjl 1 jA SjjU-dl 

lijjisj LoK (jt jl AJJIj V • (jjill Lo^iC' O^JJIK^OJI 

cIKjI NaOH a}L^\ 4jLc. (End Point) ajI^aII '■&&> ^ 

Final ) ^>^11 (J^ju "s j^U^d! ^ lillij 

.NaOH -J (Volume 

9_y» AC-l (A 

(3j^l UJ~i ^ c) cydU-ll ^ NaOH sj-"0-] (^ 

(average) ji« eiua.) ^ (0.02 ml) (> 

.Aj^jkoll ^ ^1^1! ^3^^ Aa.'i'.nV 
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iaUJi j&LaI 
~r»rj »,...,.I I ,„^.,l,     " ■' '' 1   

^yS. l-iIxaS (GlaSS Rod) ^U-jil ^lall fl^j j: 

(ddU ^ki ^ KHP ^ 

"To prevent loss of sample on the stirring rod" 

■ (JJ^o _^A Us. 9^U«dl 31 1 ^3 ( 

■(ica/dfulJy Una) »ji-JJc«rl.-rr vi^xtRtz ibol | un 
k'ni) n7ria4. 

iA' Vjf>W/i 

===djas 

/"rfli 

'.•gjj.fe. -^ ^ 1 .'dl »U11 U pUlij ^yO?i l) 'U-.Uwill J-'jiCrt |' 

NaOH (U* (10ml) 

"Rinse twice with about 10ml oTthe NaOH solution" 

fi <a».u^'.ll Ajli.131 (jl Jjadl {J^Ul NaOH 3jk*-* UU^U ^ ^\jj . 

NaOH <_HN <1 UJjixj ^JiC. (j^uJaJ l^Aj AryU-idl AA^jfl £yi ^>5 

.AJXUJJIB AJU! 3) AilUil pUll CjljlaAJ 
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4Abdl f 

rJ^JU vljl^'V 1 (jki^^l AJOSJI 4auu!l wtwA , uj 

B) Mass percent of acetic acid in visiger: 

(rinse) l^ik-Jij \±~&. (Pipette) ^Ullj (Burette) ^L^Jt < ^hii (^ 

jvLAJ 

^ L—aSLo ^w_i cNaOH ^Jaxwljj (burette) '--i^uu (Y 

t" ^ ..i-b-laall s^_A (jV tg.lAi.lj plj^li ('".jlr-laa tfljj UJ^JJ 

."L-jLui^iJi AjluoC. ^ UaA 

What is the effect on titratioa if such air bubbles remains? 

J—3.b £y~A diL-^lfiil tjj S^yls-ali ^iUp jh U 

NAOU )U t"=^i3N!i0H t=> uC(IjCooh concentrator of CH^COOHt 

(J—iJjA.j-ali diLs-L-th^ll 0^* (^ 

.ciU.j cJJij (Beaker) 

,(JiJ! (jJaL<»-kJ (Pipette) Aj^aLJl ;Jsixuij ^.jAj (t 

93 

fiLvySit j£iSkd 

Calculations ouu^st 

' (> JiJ1. lit jjj JiJI <?.](US ,^-W'( 

i Mass ofKHP 0.2g 

( KHP AJK) 

, 2. Molar mass of KHP 204.2 g/mol 

KHP Al^l -> J«^IL ^ 

3. Initial Volume ofNaOH 0ml 

NaOH -1 p^11 

4. Final Volume of NaOH 4.5m 

NaOH —1 ^1 f-uJ 

VNaoH= 4.5-0 = 4.5ml = 4.5 xlO"3L 

nk = —= -^ = 9.79xl0-4moi 
KHp Mw 204.2 

—^ U-NaOH = nKHP ^ 9.79 ^ 10 4mol 

""^MN oh " ~ " ———7- = 0\218M Na0!i xr 4 5yin-3 
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Uail fUuSJj ^IJUV) £01-, 

g/L <— mol/L ijr* (i 

Concentration of acetic acid in g/L = M x Mw = (g/L) 

. JaJ5 ^Isjia 

Volume of vinegar 10.00 mi 

Initial reading of NaOH burette 7.30 mi 

Final reading of NaOH burette 12.80 ml 

Molarity of NaOH 0.218 M 

Mw of CH3COOH 60 g/mol 

NaOH f"ma^ reading - initial reading 

- 12.80 - 7.30 - 5,5 ml - 5.5xlO"3 L 

,= M x V = 0.218 x 5.5 x 10"3 = 0.012 mol NaOH 

n /yu r-r\f\i i — n WflAT-T ~ 0.012 mol 

M 

CH,COOH ~ 11 NaOH 

n 0.012 
•=1.197 M CU5COOH ~ V ~ 10 X 10~3 

=> Concentration of CIi3COOH (g/L) = M x Mw 

: . . = 1.197 x60 = 71.83 g/L 

^,4 mL of 0.14 M Ba(OJi)2 solution were needed to titrate 
>.0 liit of acetic acid solution. Calculate. The mass of 

:hiM S-31 

J^LUI £)^V1 

ij (Pipette) aJ-xojIjj (JaJI ^ 10 ml ^1 ] (^ 

3 .(Erlenmeyer flask) fijjjli 

Sjjj1—^ (phenol phthalein indicator) ^\S1\ q* (n 

."(colorless) JjUJ!" 1^1 ^ ^ V el 

(burette) o^j (flask) 8jjjUi! ^ (V 

jjijj (flask) SjjjUil Lajjii NaOH AiLcaLi 

Vj (Pink) Jj ojlll 

A«c=4l4ft j :4lAa^L4 

.(flask) Ciau fUku jj S^UaII : 

Cafcyiatlons cjbu^j} 

nNaOH = Mxy (\ 

CLJ 
'LjJJAJI AIjiWA]! i^A (Y 

CH3COOH + NaOH CHsCOONa + H20 

nKaOH ^ nCHjCOOH 

^chjCooh =1J~ mol/ L (Y1 
v- • 

10 ml- 0.01 L 
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UsJl 

NaOH - 14ml 0.014L 

tl NaOH"" M X V = 0.1X0.014 

= 1.4 X 10"3 mol 

moles of NaOH = moles of CH3COOH 

= 1,4 X 10'3 mol 

^ m CH3COOH n. x ]V[\y 

= 1.4 x 10"3 x 60 

= 0.084 g 

Volume of vingar solution ~ 10 ml 

= 0.01 L 

Concentration of acetic acid 

mass (g) _ 0.084 n 

Volume (L) 0.01 

14.0 mL of NaOH was needed to titrate 20.0 mL of vinegar 
solution. If there was 4,50 g acetic acid (molar mass = 60.0 

g/mol) in every 1000.'mL vinegar soultsosi, calculate the 
molarlty of NaOH. solution, 

a) 0.0577 |^||0H07 c) 0.0833 d) .0682 

r/ 

acetic acid m above soiulion. (molar mass of acetic acid 
60.0 g/mol). i 

a) 1.5 b) 0.79 c) 0,44 .29 ■ e) 0.87 

^ Ba(OH)2 — 17.4ml —.0.0174L 

n Ba(OH)2 — M X V 

= 0.14 x 0.0174 = 2,44 x I0"3 mol 

1 mol Ba(OH)2  ^ 2mol CH3COOH "acetic acid" 

2.44 x 10"3 * X 

Moles of CH3COOH - 2 x 2.44 x 10"3 

= 4.87 xlO*3 mol 

mCH3COOH 1 = n X Mw 

= 4.87 x 10"3x 60 = 0.292s 

14.0 mL of 0.10 M NaOH soliation were needed to 

neutralize 10.0 mL of yinegar ' solution' of ' unknown 
concentration. Calculate the grams of . acetic acid 

(CH3COOH, molar mass = 60.0 g/mol) per liter vinegar 
solution. 

a) 6.6 b) 7.2 c)5. 4 ' d) 9.6 ■ ' [F^SA 

s 
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AMI] 

, - r' ^ 

. MNaOH = M X V = 0.1 X 25 X10"3 = 2.5 X10"3 mol 

2 moi ofNaOH -^1 mol of H2SO4 

x 

2.5xl0"3mol ofNaOH —> X 

=> nirzS0< =1.25xl0"3 mol 

t,- si 1.25 xlO"3 

=> MB!SOj =- = -^—0.0833moJ/L 

Concentration (g/L) - M x Mw 

= 0.0833 ^-x 98 .-1 = 8.16 
L 1 mol 

rJ.: 

99 

AMI] 

d2_ 
CHjCOOH ^ ^ = o.075mol 

M CHjCOOH 

Mw 60 

^ £.__ 0.075 

v" 1 
= 0.075 M 

[I  

ZOAlO1* l_ 

VCh3cooh =|0ml=0.02L 

^ CHjCOOH =MxV 

= 0.075 x 0002 

= 1.5 x 10"3 mol 

>C T O ' G ^ a 

Moles of CH3COOH - 1.5 x 10~3 moi 

moles of CH3COOK = moles ofNaOH =1.5 xI0'3mol 

M = — 
V 

VNaOH- 14 ml = 0.014 L 

^Uxljr 

0;014 

15.0 ml of sulfuric acid (H2SO4) solution was titrated with 
25.0 ml of 0.10 M NaOH solution to produce Na2S04. 

Calculate the concentration of sulfuric acid in g/L of 
solution. (Molar ltsassTjffliS04 = 98.0 g/mol) 

a) 5,4 ' h) 6.5 ■ c) 7.4 d) 9.2 [^8.2. 

0.1A'7 1 ( \^r !' r i U / M. 
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^ ^ .KHP -J fUil !3U1 (r 

Because we calclcuiat number of moles for KHP from mass of 

KHP . * 

, m 
n = — 

M... 

A sample of 20.0ml of 0.20 M acetic acid of vinegar 
soiuikm was titrated with 13.0 mL of unknown 
concentration of NaOH. Calculate the molar 
concentration of NaOH solution? 

a) 0.200 M 
© 

.308M c) 0.100M d) 0.174 M e)0.150M 

5. In an experiment of standardization of NaOH solution 
1.50g of KHP (molar mass = 204.2g/raol) was dissolced 
in 25 mL of distilled water and then was titrated with 
20.5 mL of NaOH solution. Calculate the molar 
concentration of NaOH solution? 

a) 0.241 M b) 0.200M c) 0.300M d) 0.150M| e) 0.58M 

6. yfi 

0795306216 
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Questions ■ ihJi\ 

1. Why was the standard NaOH solution smt prepared by 
calculating the amount of solid NaOH needed for 100 
mL of solution, weighing it accurately, and making it up 
to exactly 100 mL of total volume? 

4^5 uLu&J uijy-*) Na OH 63^* ^ 

<(100iiil) 4-iUflIl NaOH (ja 

(100ml) ^ ^ 4iAj 

Because NaOH = Secondaiy standard solution "by Reaction 
with Bacteria and absorbtion of H2O "hydgroscobic" and CO2 
gas 

oUll (j^sKolalj Ujjilil! (J&lajJU' cijjtj Lsjy*-* NaOH-jV 

jIP-J 

2. Why not simply rinse the buret with distilled water 
rather than the solution to be used in it? 

Jjla^ASI ^ ,^laLdl p\A\ uikwi V AiaUw ^ Ltd (Y 

This assures that the standard solution will not be diluted with 
distilled water adhering to the buret wall. 

Llsli i—ais-i (jl lS(jl life 

X Why does the volume of water added to potassium 
hydrogen pMMate not have to be measured carefully? 
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S^alsdl 

EXPERIMENT m 

Neutralization capacity of ontiacid tablets 

'hkijafU^f &M 

(Stomach acid) o^-^- ls-^- u^V ^ 

1 —J (jJail (>3JU i(0.1 M HC1) c>o Lpax^Jl liA (jjSijj 

 itj a_)jiti' lall oJi—A —alj liA S^dj (jo (Jjx-* ^-J 

J "weak base" Aiw-vJa S^c-la "excess acidity" -Lksj^i 

."Aatiacid" kja^odl U 

ids-w-j (Tablets) sjj—^ ^ 

^ic ojjUil (HC1) AJ^£ (j^Ua 

"insoluble in water" c-'—dd S—jjlj ^ ^ ^ ^ 

4JJ izJl 6jxjU>4 Sjj\jt^ ^laluU V ^ kjjii tjj^j 

S^jUt-oiVj ^ ch phJU jjAai AiUdi Aj^i_iil ^ 

i^ya o 4_La$ ^ AjUs ^ud' ^LiJa>J AjI jjj (Back tltl atlOli) 

—c-la ^ "excess of acid" HC1 (> ^ jh ^jjU- lU^-j (HCI) 

. jjSjdl ujjjx^ NaOH 

105 
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Hxpenmental u^\ 

—$yjj J-^J^—,Til" i..'L.-.j.N. ^jijJ "WaJ^iwl! QA Aoa- ji^n 'l /^ 

-(spatula) ^XcSi ^ 1 < ^'~- JaiyJaJIji j_j;uijJaj LkA®^)_5 0^ ^ ^ ' '^J)} 

tJaJjJallj ^..lAj) -V^ajAsJI ^Ujsua A-La£ Jitj (Y 

.(flask 250ml) sjjjla l^ajj (0.5 g 

VjW^" 3-^Jilt ^j^.(HCl 0.15M) u-o 50.0 ml W! (^ 

3-^^ vj5-j "glass rod j 

O—^ (J^\-k.l—U (JJjSjBJ jl AiiS^ aJuJ ASjiij jlill Jjiik-o]! ^J^su ^ i 

• ^ Jjol JUJ (CO2') 

j^i Oj^ij (Bromo thymol blue) cJi2il£]l ^ Jali ® Ol^xs 

t/ (Blue) 3jJj (Acidic medium) C^-^UJ1 ja^jlt ^ (Yellow) 

.(Basic medium) jll 

u—^ NaOH 0.15 M ^^ouAj Sjjljs-dl ajI^u j 

.(blue) ojJ JJ (yellow) j^-al 
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^laJI ?U^iSJ( ja^ ^(juV) £02^ 

(active ingradient) ^JUill j! ^1 ^j&j, 

J—sj Al(OH)3 UUj CaCOs jNaHCOa J Mg(OH)2 Ju 

:yijl! da^Uilt L ^ia. Jc-ijill ^ Jotiill 

Mg(OH)2(s)+ 2HCl(aq)->MgCl2(aq) + 2H20(l) 

A1(0H)3(S)-f 3HCl(aq) ^ AlCl3{aq) +.3H20 

(CaCOs s Na2C03 .NaHCOs) ol jiill djUjjj£ 

PLJ ^ijj ^suil! ijjj j^I 

(HC1) jliij 

CaC03(S) + 2HCl(aq) —> CaCl2(aq) + H20(i) + C02(g) 

'—UatA-a j^Jasol Jjljll HCI CO2 3^3 

ij^fr .>j& (NaOH) ^ (Jc-talj ajjJu ^511J (H2CO3) "ihj/ya^au jAj 

Cll jkll djlijjji (ji ^ lu! u£.j ;& Jjlx-J! aAac. Uai. ' Uu« bjjVcell 

(CO2) 31^ All jl Jj ^ jLk4 4jji ^ jjLc 

3^. cjl^Ua Jjhwd! CP AjLO f.Ju 

.6^JW, (.JU (CO2) •^"•^jt 

Carbon dioxide (C02) must be removed by boiling to 
give accurate titration results. ' 
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iLuit (jU^l 

NaOH 

= 50 ml ~ 0.05 L 

= 0.15 M 

(aOH =39.3 ml=0.0393L 

'NaOH 

iss of anti acid tablet - 0.46 g 

aoles of(HcX «act^ _{mx^ 

vith gmt^aoid-tabktj 

- (0.15x0,05)-(0:15x0.0393) 

- 1.61xl0"J mol of HCl 
K,M 

^i g)^ K 

46 g of anti acid ->1.61 xlO'3 mol of HCl 

p of anti acid -* X 

> 
molesof-HCl 

React withlg of antiacid 

1.61x10' 

0.46 
= 3.49xl0~3 mol 

isuming stomach acid is 0.10 M HCl solution, what volume 
'stomach acid can be neutralized by a-Qne^aindablet? 

^ ^ U (0.10 M HCl) OA l5j^j ^ 

c> lg ^ ^ 

109 

^Uuii 

r 
Jclijj ^1 HCl CiVj-a JJc 

NaOH ^ 

+ 

V J 

Jc'liu KC! Ctij* ^ 

'LJajAaJl ^oa £-A 

^ f A 

V J 
HCl 

v y 

Moles of HCl titrated 

with NaOH 

Moles of-HCI react 

with anti acid 

s-iA (j^o (w 

HCl + NaOH NaCl + HaO 

lnHCi -^NiiOH \ 

NaOH 

(Mx V)Ha = - SJSll HCl clij* (! 

(Total moles of HCl) 

(Mx V)HC1 = 
moles of HClreact 

moles of HCl react 

with anti acid 

with anti acid 
 :v\ 'j 

+ (MxV)1 

V3 

= (M x V)Ha - (M x V)N, M&. 

Jadl (Iiiflja 

MHC1=0J5M 

fos 
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\±b, Ls]& J^ yili 4ilw&i Ja ^ S^UOAU f'lJ&Vi XkAiU •\ 

1 mol of 

2 mol of 

2 mol of 

3 mol of 

I mol of 

HC1 

HC1 

HC1 

HC1 

H2S04 

-+ 

—> 

1 mol of 

1 mol of 

1 mol of 

1 mol of 

2 mol of 

NaOH 

Ca(OH)2 

Na2C03 

Al(OH)3 
NaOH 

J 

079S306216 
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A^UJj 

' "■ 4 '■  x      " "'''' 

^3 I 

^•mmmmMmsmm 
If the density of 0.10 M HC1 solution is 1.0 g/m], what weight 
of stomach acid can be neutralized bj' a one-gram antacid 

tablet. 

j-fe l_aa ^(1.0 g/ml) > (0.10 M HCI) g^l a^Ji o3l£ lij 

i—frjjj .iLja/s Aj2v -GjjIjm C±£ ^Uavisjl lift, qjj 

Mg 

"tJjUdi Ji^Jl &•*' VHCJ = 0.0349 L — 34.9ml 

^m=dxV=1x34.9=34.9 g 

no 



■* • 
♦ / 

3 mol HCI  1 mol Al(OH)3 

9 x ICT mol X 

9 x I0"3 „ ]n.3 . 
n*,(oH), =—= 3x10 mol 

■mA,(0H)., = n x Mw 

= 3 x lO-3 x 78 

= 0.234 g 

mass percent of AI(OH)3 

mass of Al(OH), 

mass of anti acid 

0,234 

xl00% 

1.4 
xl00% = 16.71% 

17% 

changes from. 

a) Yellow to pink. 

b) Blue to yellow. 

d) Pink to colorless. 
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• < 

Vhci~ 50 ml = 0.05 L. 

"VNaOH ~ 30 ml — 0.03 L. 

Total moles of 

HCI 

V. 

moles of HCI 

react with anti 

acid 

'Moles of HCI ^ 

react with anti 

acid _y 

Total moles of 

HCI 

^Moles of HCI ^ 

v. 

titrate with 

NaOH -x. 

'Moles of HCI ^ 

titrate with 

NaOH 

Moles of HCI titrate with NaOH = moles of NaOH 

1:1 jA-NaOH jHCI ^ JolSll 

n NaOH — M X V 

= 0.2 x 0.03 

= 6 x 10"3 mol 

Total moles ofHCI = MxV 

= 0.3x0.05 

= 0.015 mol 

—> moles of HCI react = 0.015 - (6 x 10"3) 

with anti acid 

= 9 x 10"3 mol. 

116 

Nadher Alshamary



kA&l\ fUwSi) 

moles of M(OH)3 - = 0.012 mol 

=^> Mw—~~~~~ = 61.66 g/mol 
n 0.012 

Which of the following statements is correct? 

a) A dry buret should be used for the titration. ^ 

Addition of few miilUiters of distilled water to the 
titration flask will not affect the result of the titration. 

c) A dry titration flask should be used for the titration. 

d) If 50.0 mL of 0.-20 M HCI were used to dissolve the 

anti acid tablet instead of 50.0 mL of 0.15 M, then; the 

number of moles of HCI per gram tablet will be-less 
than the actual value. od 

e) The .titratin flask should be rinsed with acetic acid 

before titration. 

Given the following set of data concerning the 

neutralization capacity of antacid tablet experiment; 

- Mass of antacid tablet = 0.500 g. 

-Volume of 0.150 M HCI used to dissolve the sample = 
50.0 mL. 

-Volume of 0.150 M NaOH used to titrate excess HCI 
, = 20.5 mL. 
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0.74° g sample of metal hydroxide MfOH), was dissolved in 
50.0 mL of 1.00 MHCI, the excess acid was - back titrated 

With 1,4.0 mL of LOO M NaOH calculate the molar mass of 
the hydroxide. 

a) 123 b) 165 c) 192 [^61.7 e) 78.3 

limssK ■ ■"'S' •; £MK; 
; ' ■ O1 fei - X ,iV; ifhM'-f' 

V - 50ml 

- 14ml 

HCI 

V NaOH 
r 

V 

Moles of HCI 

react with M 

(OH), V 

= 0.05L 

" =0.014L 

Total moles of 

HCI 

Moles of HCI ^ 

titrate with 

^ NaOH 

Total moles of HCI 

= moles of NaOH 

= M x V 

= 1 x0.05 =0.05 mol 

h NaOH~l x 0.014 = 0.014 mol 

==> moles of HCI =0.05-0.014 

react with M(OH)3 "anti acid" 

= 0.036 mol 
3 mol of HCI 

■0-036 mol HCI X 
1 mol of M(OH)3 

^ X 
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b) The antacid tablet was dissolved in excess NaOH, and 
the unreacted base was back titratea with HCIw^ 

c) If air bubbles are present in the bnret before titration 
and disappeared during titration, the calculated 
molarity of vinegar solution will be less than the actual 
one. c>< 

>|^| It is more accurate to rinse the titration flask with 
vinegar before titration, ^ 

Washing down the sided of the titration flask with small 
amounts of distilled water does not affect the titration 

results. 

Questsons 

l.Assnme the concentration of stomach acid is 0.10M and 
the neutralizing capacity of the acid is 0.011 mol/g. 
Calculate the volume of stomach acid needed to 

neutralize 1.0 g antacid tablet 

JLoa! ajaU-dl (jlj (0.10M) iJi 

uwt&l (0.011mol/g) (jA 

.^5^^241 4sJf3" O-4 (I'^g) 

0.01 Imol jjbu qa (Ig) d O.Ollmol/g 

HC1 (> 

—>• nna" 0.011 mol 

Mi^ci= 0.010M iy* 
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Calculate the number of moles of HCI per gram tablet. 

8.85x10' -3 

d) 6.75x10 
-3 

b) 9.45x10*3 c) 7,95x10' 

e) 5.85xl0"3 

-3 

Vhci 

VNaOH 
z^ 

= 50ml 

= 14ml 

Moles of HCI 

react with anti 

acid tablet 

- 0.05L 

= 0.014L 

^ ~N 
Total moles of 

HCI 

y 

s' 
Moles of HCI 

titrate with 

NaOH 

0.5 g tablet 

1 g tablet 

" = (M HCI x V HCI ) - (hi NaOH X V NaOH ) 

= ( 0.15 x 0.05) - (0.15 x 0.0205) 

.v - 4.425 x 10"3 mol 

4.425 X 10"3 mol HCI 

X mol HCI 

moles of HCI - 
4.425 xlQ- 

0.5 
= 8.85 xlO"3 mol 

1, Which of the following statements is 
concerning acid-base titration experimeal? 

*) ■ Clean and dry burets and pjpets must be used. cK 

| ':|i§uu 

correct 
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b) VNa0H = 8.92mi - 8.92 x 10"3L X 

b^NaOH = Mx V 
= 0.203 x 8.92 xJO*3- 1.81 x 10"3inol 

c) Hnet—^Ihcc—%30H'- 

^ " nwae|.) - *-sRR* wsl 

Questions 

1. Calculate the percent error would have been in a 
titration that used 26.65 mL of a solution if a bubble 

with a volume of 0.30 mL had been swept out of the tip 
during the titration. 

(26.65ml) Ak- SjjUudlj ^1$ LkaJi 4iuuSl fe-u^j (^ 

AAjk (0.30inl) ^ cA&\& ^iSi ^ 

.SjjiU-ail ^UUsv fUjf 4^1^41 

ISfciiSlftifBliWftiMl- 

rv . volume of bubble 
Percent error = — x 100% 

Total volume of solution 

4c.Uil! 
» i X ~ r—— = \UcU 

(J jlsk^dl ^^Klt ^adi 

^ Percent error=-5^- x 100% = 1.125% 
26.65 ' 
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4.usitUu£ii jAL^i £\^\ 

Lq5 j 

M = ^vliL = M^=o.„L ^ 
v M 0.10 

2. A student dissolves 0.353 g sample of antacid in 40.00 

mL of 0.141 M HC1 solution, then back-titrated to the 
end-point with 8.92 mL of a 0.203 M NaOH solution. 

6^ (40.00ml) Ji ^ (0.353g) ^3. (V 

S 4) J-anj pj <(0.141M) HCL 

.0.203M NaOH & (8.92ml) 

a) Calculate number of moles of acid in the original 40.00 mL 

of HCI? 

Ji" cUVu (40.00ml) ^ (HCI) ^ ^ (1 

V'Jc-UJ 

b) How many moles of base were used in the back-titration of 

excess HCI? 

(> A.uu<*.\\ SjjUdi ^ S^Ulj cliVJIA& (UJ 

ma 

c) How many moles of excess HCI? 

^ HCI ciiVj-c juic. ^ (cj 

a) Vhci ~ 40mi = 0.04 L . 
nnci ~MxV 
Total = 0.141 x 0,04 = 5.64 xlO"3mol , 
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BpBlMil 

LaUii fUuuiii j^L^i gJ^Vi 

2, If a solution is diluted, the same number of moles of 
reagent is still present. Hence, St Is possible to calculate 
a new volume or a new molarity'from a known greater 
molarity. The equation is: MjVi — M2V2. If you wish to 
make 500 mL of a 0.20 M solution of a reagent from 1.5 
M solution, how much of the latter solution would you 
use? 

CJUO. CSVjaII ^ ^ (Y 

UUIAi Jjiijjii jmi QA aijJuJl 

CitJ lij c"I)ihition uiis^l o>^" MjVi = M2Y2 

^jli (> (0.20m) JjAAs (500m!) 

t^'aaawyl t(1.5m) 

M1V1-=M2V2 

0.20 x 500-1.5 xV2 

V2 = 66.67 ml 

3. A student dissolved 0.36g sample of antacid in- 50.0 mL 
. • of 0.150 M HCI solution, then titrated to the end point 

with 13.25 mL of 0.40 M NaOH solution. Calculate the 
number of moles of HCI neutralized by l.OOg tablet 
antacid. 

.016 j/b) 0.360 c) 0.012 d) 0.460 e) 1.00 

0795306216 
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EXPSglMSKT 

Bleach analysis 

wU U J (Bleach solution) 

A, 3 (strong oxidizing agent) ^ 

 ail fijiA fls- (j^Jj LP3^ C?^ ^ 

.(NaOGl = sodium.hypochlorite) (> 

k-iiJl JJ* (NaOCl) j£jj ^ l/ ■ 

rxidation - reduction titration) ^sh\ *jh^ <3^ ^ 

Ll (NaOCl) fji) dipo (lodine-thiosulfate method) 

jjjJI y^UJI i-iuu^ (I3") (jl) "djjijj JjkJl; (KI) 5jli] 0° Sr1^' ^ ^ 

C!0' + 31' + 2H+ -> Cl' +13" + H2O 

dium thiosulfate ) ^—Jjj 4—jjjU^ ^LJi I3 6—^ j 

:\M\ Aid)Va-dl (—Ujis. (Na2S2<| 

V + 2S203"2SF + SA"2 
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1. 1 mol ol' K2Cr207 6 mol ofNa2S203 

s— ^1— — 
Sfll CkO-j V^ii 

.■^ Lo g-rr> > ii.i j 

2.. ^O;3 ■= Reducing agent 

OJ^7 (j^ 

3. Cr7Oy2 = Oxidizing agent (^>11 J^UIl) 

^ ^daLou (KaCrsO?) OV^ ^ 

•4i (Molarity ) ^jV>di (^28203) 

Procedure 

A) Standanzation of thio sulfate solution 

(Na2S203) ojjUA J 

f^0 J^" Ki ujj (KI) (j-o (LO L^jaiS ijjjj (} 

"CJUui^H ^2, (J^V 

sjjj^ cK^ jlaLdl frUi (> (25ml) ^ Ac. (KI) ejj5j (Y . 

(HCL) (> (5ml) wj ^ (Erlenmeyer flask 250ml) 

(J-^ ^Sj Ala (JjladJl jjjl lij" tu^)Sj 
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CaUJ) f Ufijlll jfls^ 

cj^j, , .^i (j—0 (NaOCI) a™-la$ Ai^*-4 ^.,.' 

-.i^uiLiA (Na2S203) 

Lf*f-j-'-ibli (jc- A=OIJ11 MiUall iji yljll dlluu CLiUjUdaJtj Aa^u^il 

ls1c.\ aSLL cjUjjj^VI "excites" ^§1 (Visible light ) 

(Visible radiation) a*j6u ^wu i^j Caluj^Slj oijaSI . 

'u^i! jj>dU (unabsorbed) a^LlaII 

JjaII ajiA lja A^idl ciljjjjSlVi Jjjj" OC1" hypochlorite ion " 

Isij liBjuj ^j-di ^ l^JjAa ^1 jaII oifii AQ^i (iUiAlj 

.'AijUull (Jijjijyi AJ^IAA j.. Uii^. ^Ultlj ^Uj-aJj 

isyfo ls(5'203"2thio sulfate, ) JjU- jikj 

aL^Sjj aIoUj l-iuaj lilljj (Secondary standard solution) 

be oxidized by oxygen or by bacterial " J 

^l^iurU Aj_>=ull ^.aj (Jja (Standardize) ajjjUa (_i=u dllii "action 

Potassium " >j c(Primai7 standard, solution) 

''J: "• '' — jJc- aj usjII 5.1 IjLc. "dichromate I^CraO? 

.(C^07 ) —J (OCl~) (JIAJIUIU LjjluJt 

: SJaUaI! j 

6^O3"2 -f Cr^O^ +14^+ ^Sfif +2Cr+3 +1H20 

142 
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^-4 
073S306216 

Nadher Alshamary



AjsUJII fUuiSl 

-V 

.(ia) ej^M ^ t> (i-0 g) WJ2 uj^ 

50 ml erlenmyer flask" 250 ml f—^ »jju^ (KI) ^ (^ 

\\ ' £ (distilled water) <> ^5 ml UJ" 

.(5 ml of 6 M HC1) 

^ U.\1 tj;^l ^ 25 ml (pipette) ^\ (r 

, ^tj sjjjUli J (diluted Bleach solution) 

(Redox) Ji J^-Vl j lIc-Uj 0 ^ 

tn^SiOs sodium thiosulfate) (burette) ^.^—11 (^ 

, ja. J JjWdl OJI ^ 

_i A__u 5 ml ^Jj (starch) Uili j&j Uu5.\^l <-^j^ 

^ ij^\ ^ '(blue) (jjj djl^! uj! 

."colorless"' 

C1 a^i HIj ^ eljMi UJ3 c3^4i f3 ^ ® 

^L-^j cj—^j cdiM c jc. liili (end point) bV31 ^ ^ 

145 

,> (0.010M) (25.0ml) &U>\ d>-ii Jt ^ (r 

(Cork) (jdall /j-o sdAm ^i..iijj.i.,»l-j sekl .(KzCriO?) 

Jljliw'dlj Au^Ull (JC-UJ '(_t«L&d tiJjij 0 SAil jdiLi ^IS-s ^ 

Jj (Yellow) jij-al (JjkJl oj3 ot '(Redox) 

.(Red) 

,(Na2S203) o-5 (3"5ml) (buret) ^l^il (Rinse) (i 

(Initial Volume) ^dl JjU-dl iLj ^ 

cjUjls^d £jjbcdl Aj1A*J 1^1 t^Uwuill (J^k (NaiSjOs) —3 

.0 jjjlflll 

S jjjUil (Ji.!jl (J(jl ^j S Jjl*-dl AjlftC. Jjttiuuj (0 

(3 ml) cJujjai SJaaJil bjiA ^ ^(Pale Yellow) jLJ\ (Falsk) 

(j_ol (Indicator = u^ujlSil) (Starch) bjull 

■da^j CiJjjWi (iljl J^ijsu 4^3 t3jj5 (Jjlbwdl (jjl Ijj (Blue) 

M^\ ^ <jj^1 -oAa] ca^ tililj, SjjU-dl (End Point) 

Jj (Blue) (JjJ <> oJll J J! A^£- ("^ 

Cr+3 cjUjJ ^jU oj331 "Green- Yellow" j^l 

(jA (JjAkAj cJ^ui ijjlli cjlj Cy ^3^31 JasdiLi ^J-^J 

iil fu r?^li PColorless uj331 ^ J! (Blue) SjJ 

. CjLLuirdlj 

144 



iaUJ) jfLal 

Calculations (B) cbu*ui 

I I J JaSS S2O3 j OC1 (jjj ji «iA I'.-.j u 

."■ijaWl (end point) U^ill iU ^ ^BU ^ ^ ij-j 

NaOCL OCI 4jjiaj 

Na 0 0 U-ujij 

jmol of ocr -> 2 mol of SA »♦ 

i) ^NajSjOj "MXV 

2) n 
n 

_ s2or 
NaOCl 

2 

n, 3) M - NaOCI / NaOCi ~ ,. 
V 

Diluted 

M2 = 

25 ml = Ua ykj 

0.025 L « 
J 

1 0795306216 

4) MlxV1=M2xV2 

Mt = M2 x 
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Usd\ fUuU) gjAiV) 

**' '*' * arA,<'-A!*T 

^t ojUI Vji^! JjKJ) Qji Laijp tuuij ^ '" \ ' (jLoi 

UJ >j (I3") -J o^xii jjij2 ^ 

'OiualA dJllajj Ujj) J^S ^ (Ij") —i ut .4J2 

• ulwlSS 

CalcuiatSons (A) c^uUsJi 

:(JjJi Ai)jia ^ c-lkc-lj ^jjj! (_jiJ.UJ ® 

Volume of KaCrA = 25.0 ml - 0.025 L 

Molarity of K^CraOy = 0.010 M. 

Volume ofNaiSA = 15.0 ml = 0.015 L. 

Iv^p, = jlg\ ■ 
= 0,010 x 0.07.5 - 2.5 x 10'"1 mol • ■ 

;4j^all ^ liat^ J^s J 

1 mol ofKiCriO? 6 mol of Na2S203 

2.5xl0"4mol —> x v . 

^ nNaiSj0j =2.5xl0"4x6-l-5xl0~3mol 

■^MN.so =- = —>^ = 0.10M 
. r!"sfi' v 0.015 
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r ■Ijjs^I (j^ A-aU CjUaA.!iU 

(JJ» (JjVl 9-(_s^ 

31 S.O 2-3 

Reducing agent Oxidizing agent 
J jjiwfl lyXs- ,lwii J-aU- 

+2H+^cr+i:+H7o oct 

Oxidizing agent 

iuiS_ J»9 (>Ui 

Reducing agent 

J jia-« JaIp 

IflAil 4jJ3i ,^1 $ 

1) Dilution factor of Bleach solution = 20 

2) Volume of NaaSaOs = 26 ml 

3) Molarity ofNa2S203 = 0.1 M 

4) Volume of Bleach solution - 25 ml 

5) Mw of NaOCl = 74.45 g/mol 

6) Density of original solution = 1.02 g/ml 
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U*l\ fiipgl) jhL*l 

Dilution factor = 
V V. u J 

J^fctflU S^uiUa 
,  »_ 

(t J-aUw) rA Mi = M2 x dilution facto^ 

Concentrated 
solution "original" 

jaII Jjla-dl 

5) Mi = mol/L 

Jj mass percent ^ 

M, xMw 
mass percent-    |AlAd 

L lOxd 

d = density of original solution (g/ml) 

Mw = Molar mass of (NaOCl) (g/mol) 

Ail 

74.45 g/mol <5 oAj 

148 



^oUJl ^13^ 

s..i^B®K® - ' '•";v-:^.":,.;,:r 

^i ^ j- 

3. What are the formulas of sodium thiosulfate and 

hypochSonte soji? 

(r 

Sodium thio sulfate = Na2S203 

Hypochlovite ion = OCl" 

4. Boes .sodium thiosulfate serve as an oxidizing agent or 

as a reducing agent? What does sodium thiosulfate 
oxidize or (reduce)? 

UUj cMs- ji 4J) Js- Jolij (NaaSiOa) 6&(i 

m '••. :/j.! 

^28203 - Reducing agent (Jj^ 

I3' ~ Oxidizing agent (^> lU^) 

151 

• msKmmmssmmmsmmmmmmm 

n . ~MxV = 0.1x0.026 = 2.6xlO-3 mol sioJ 

^nocr 2,6x10 =1.3xl0"3 mol 

n . 13xl0"3 

M. = = — =(0.052 mol/L 
" V 0.025 

=>. Mi = M2 x dilution factor 

^ 0.052 x 20 <L04.mol/L 

^ n/ M.xMw 1.04x74.45 
=> mass% = —l- = = 7.59% 

10 x d 10x1.02 

Pre- Laboratory Question Ji u 

1. Write balanced equation(s) for the reactions involved in 

standardization of sodium thiosulfate. 
NajSiOa SJJU-« Jm LIJUAII t-jisi 

    - ..'■,Kwfv'gxvK;,K-.; 
1-2 , y-i-2 6S20? +Cr2 0~2 +UH*-> 3S406

2 + 2Cr+3 +7H20 

2. In today's chemical analysis of bleach solution, what 

substance is oxidized by the hypocMorite ion? 
S^Ldi b» 4j;^^uaji 

?ocr 

r» 
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1.7x10" 

25 
= O.0678M 

1000 

4. MiVj =MiVi 

10-0.0678 xlOO 

Mi - 0.678 

Dilution factor = — = 
v. 10 

M) - Dilution factor x M2 

K4, =10x0.0678-0.678 M 

M, xM . 

10 

[■ _ 1 .4. masspercent 

0.678x74.45 

10x1.084 

10 x d 

= 4.66% 

-7; 

-:1 ■I''/': ■ ■■ 

Given the following data 

- Mass of KHP 0.22g 
- Mass of NaOIi i.24g dissolved m 100 raL 

SOlatiOM 
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4=^UJl fU^Jl 

Questions 4iu^vi 

1. A lO.OmL bleacli sample is fiilutcd to 100 niL in a 
volumetric flask. A 25 mL of this solution is analyzed 
according to the procedure in this experiment. If (lllSl 
mL of 0.30 M NaiSiOj is needed to reach the 
stoichiometrk point, calculate the mass percent of. 
NaCIO in the original sample? (Assume the density of 
bleach solution is 1.084 g/mL). 

^ 100ml c^) (10.0ml) (1 
t-SAwa. dilla. liA £yi (25nil) 

to NajSiOs 0^ (11.3ml) 

.'UluaVt ALaJS ^ NaCIO <2 AjjiaJ! Aiwull uu^I 

.(1.084 g/mi) 4^-aVl 

l- nNa2SA
=mXV 

- O.'SO x-^-= 3.39 X10"3 mol 
1000 

2, 2 mol ofNa2S203 —> 1 mol ofNaOCl 

3.39 xlO'3 mol -^X 

^ Unsoci~ 1 -7 xio3mol 
\ 

3. ^ M =£ Na0Ct y 

•» 
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AAsl\ f UfuSJi) 

[CHjCOJH] =- 
V 

3.02 xlO"3 

25 

1000 

-O.I2mol/L 

(.^junVl Mw —} g/L o-la.j IgliJ 

(60g/mol) csjluu 

= 0.12x60 = 7.2 g/L 

2. In bleach analysis, standardization of Na2S203 solution 

was as follows: 1 g KJ and 5 mL of HCI were added to 25.0 

mL of 0.010 M K 2^207, and the librated Iodine was 

titrated with 16.0 mL ^28203 solution. Calculate the molar 

concentration of ^38203 soSution. The balanced equation 

Cr207
2- + 6S2O32" + I4H+ # 2Cr3+ 3S406

2-+7H20 

a) 0.014 b) 0.83 (cTp,094 d) 0,016 e) 0.010 
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^wii £)xfi\ cui^ 

.Volume of NaOH used in titration 4.85mL 
- Molar mass of NaOH 40.0g/mol 

- Molar mass of KHP 204.23g/mol 
L Calculate the molarily of NaOH solution 

ii. It the 13,6 mL of the above NaOH solution was used 

titrate'25.0 mL of vinegar ■■solution. Calculate the 
molarity of vinegar. 

KHP 
m 

m... 

r. 

0.22 

204.23 
= L08xi0"3mol 

=>n 

NaOH 

nvar, =1.08xl0~3moi 

0.222m . 

NaOH 11KHP 

n l.OSxlO"3 

v 

11 nNaOR=niXV 

=0.222 x 

4.85 

1000 

13.6 
= 3.02x10 3mol 

=3.02 xlO"3 mol 

11 NaOH nCH3C02H 
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d, Na2S203 solution might be oxidized by oxygen or 

bacterial action ^ 

e. Potassium dichromate, K^CraOy, is used as a primary 

standard solution. 

5. A bleach solution,that is 6.58% (density = 1.10 g/mL) 

NaCIO-(molar mass= 74.5g/mol) was diluted to 0^)44 M 

concentration. Calculate the dilution factor? 

a) 18 b) £2 c)20 d) 10 e) 15 

% 0795306216 
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^121^ 

3. Given the following set of data conceriiing bleach 

analysis experiment; * 

® Volume of diluted bleach solution = 25.0mL \} ^ 

® Volume of 0.20 M solution needed to titrate 

diluted bleach solution = 17.50ml 

© Dilution factor= 10. 

© Density of original bleach solution = 1.15 g/mL 

® Molar mass of NaCLO = 74. g/mol 

Calculate tlie mass percent of original bleach solution 

c) 13.6% @>.53% e) 6.80% a) 5.50% b) 9.07% 

4. WSiich of the foiiowing statements In not correct 

concerning bleach analysis? 

a. Sodium thioslfate can readily be prepared from solid 

Na2S203 as aprimary standard solution. 

b. Sodium thiosulfate, ^28203, reduced 13" to F. 2-^ 

c. I3" oxidizes Na2S203 to NaAOs- ^ ' 
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^bdt fwai 

expeeimest C9) 

Molar mass of volatsie liquid 

jjui MSi) 

molecular ) 3yLou ->.> ^jij ^ ^ 

' /'"i?-- (jljic. qj* (Jal 4-jLilc- ^jUom (JjUaI (weight 

Ia. AA^lc-]J (flask) OJJJ^S (3=v,1a Jjtklc JjIui ^-wajJ < (Dumas) 

i^' j-v ' (^iiu «.La (Jik.!A jj) Ajlaic. AajJi (Jjl-uill liA (Jli-ajjj 

L L-jLui—^iaiuu ^iCLoll Jjliit tjjuljS ^^Jc- O1^ 

,'jlijl iigJ AJIjaS! 

 (1) 

  (2) 

IV-nRT 

n 
m 

Mw 

(^) AIAU-JI ^ (Y) Alila-Jl (jjaJjxJJ 

hv = —,RT 
Mw 

Mw = 
MRT 

. PY 

jw1 - molecular weight (g/mol) 

161 

r 

» 
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LM] fU-yUI 

JJ cSjjjlali A &Ua]1 (^-laxj (.tuSiJ ^Ic. jll ^A^aj 

,jUU (Jji 

■U'. 

ii 

(JjIaju-J) J—S ^ji .iSitiij 15 min tiijulj |A 

|J.Kj—w»U c^—lia jftj pLiil SJija -^.j^ ci?-^) cU.1^ 

.(Thermometer (jlj^ 

4—alSj \X...j.> ^.LAJI ^ s-lc-jll (J^l^i ^ Sjjjlill (^ 

'LS^ ^utWill i^lluJl ^.o AJSbjLikil ^j^LtdV 1 

'(S_y^\ Wjjjj ^ t'TS min ^yj^" ^jji5 SjjjUII u^Ijij ('s» 
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1 

S-aUSr^U^uSil J^k^l ^UlLa 

m = mass (g) 

T = temperature (0K) * 

P ~ pressure (atm) 

V ~ volume (L) 

R = gas constant (=0.0821 atm.L/mol.0K) 

.^ jiASb SIAUV) t^-rxj 

Experimental 4jfUaii 

^ ^ (150 ml of Erlenmyer flask) 150 ml oJ>jm 

(aluminum foil 8 x 8cm) f(5JLlk^ J) 

•UJ^ 

.fljjjUil oiA JjUli (10 ml) lujSj (Y 

^—g\vulj ^ 1 ^auj ® JJJ^ f 2ilaj (T 

'ul,wL_Ci= \^p -   - •■ 't A. ''» I '1 J) 1 

CS—IjVl ^UJI (_3_53 (10x10 Cm) ^-5l3_j ^' '-'' (£ 

'*ji J O1^ J clwu (0 

t> (200 ml) -ua "400 ml Beaker" 400" L jasJ (n 

"Boiling stones" (j^ _jjk^<a Ji^C' '& L4l 

tj'JJ^ Sjyi—a Mjfi. j 
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! JaJj jjJ "LuJsi jjiSII ^2 S # 

1) mass of Erlenmeyer flask * 75.85 g 

+ aluminum foil 8x8 cm,+ wire 

2) Tempefature of boiling water 980C 

3) Atmospheric pressure ' 680.5 torr 

4) mass of Erlenmeyer flask 76.56 g 

+ condenced vapor + aluminum 

foil 8x8 cm + wire 

5) Volume of Erlenmeyer flask 204 ml 

. te  • 

Xiali 'i} iiaij 

m = 76.56 - 75.85 - 0.71 g 

T = 98 + 273 = 371 0K 

]>= ^ o.895 atm 
760 

V- 0.204 L 
1000 

■ i i~?r 

0 UB3>*31 qa (jxdijjH 
0795305216 

mRT 0.71x0.0821x371 _ 11Q . 
—> Mw = =   -118.5 g/mol 

PV 0.895x0.204 

165 

A^UJl j^A! 

j! ^)vCijy A]1 C—S^IS^I Jai-Leall (jjLli ^kE ^ 1 

Jpiu^ali jE f 

fiLdi 13^ <, .^1,1,1j EiS, p.L<JU IASL<U tJJJM 

.-u^ Aij^l "graduated cylinder" 

jUii 15A o jijph tjl i-uJi oE^* ji^ cs^j 

.l^JAlLifl ^11 j^Ull (jElff- 

(jSjLm—J (Jl^. Jiji.j^ll <■ ,^'"'\li jJ-kJU jliil Jviluil 

a^)C- JakiJa (_5 jLuU jlkll Jas-ua ^jt (. jlkJi JaAjJ^ll jUJl JaiJa- 

.l^uiLss ^5 juk AII 

(ill51 ^ ^511 J^idl (JliJ jtifl (jl ULS (X 

'. <_s-lll o^)j^)l5ll ^ JLUJ Jjlil! 

ojj) ^ (lilLJlj 4iUj ^ Aijli Sjjjlflll OJJ) l3J^ 

• . jUJI (JJJ (JiL<U ^liliuJlj j 1—2jS-<i11 jliJl ^lill ijjjUli 

' (33^1511 gji (_pajaj ^.Vi.nlj ^.11 dll^ru.jll ^11 (JJJAJII 

,, mRT 
Mw =  

PV 
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^j£LA 

a. 
748 

p = 748 torr = —- atm=0.984 atm 
760 

V = 269ml = 0.269L 

T = 98.7 0C+273.15=371. S50k 

R=0.0821atm.L/moIok 

PY=nRT 

PV / 
n = — 1/ 

RT 

0.984x0.269 0 ^ tA 3 , 
= 8.67 xlO mol 

0.0821x371.85 

b. 
m 

n 
Mw 

A/r _m 
Mw 

n 

c. 

0.791 , 
= -  = 91.23g/mol I/" 

8.67x10 ^ 

(1=273.15% P=1 atm) ^ STP 

mRT ... 
Mw  • (1) 
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LaUil fluuSJH 

Per - Laboratory Questions ' j^uii u llxJ\ 
* 

1. Dumas method assumes the gas behaves ideally, m 

general, when gases behave ideally? 

^ (J jjjftj joiUAjl3 

Under these conditions u f ^ 

1) Low pressure 

2) High Temperature 

3) Low molecular weight A^aixLo .•Ojfi . r 

2. The vapor from an unicnown volatile liquid occupies a. 269 
mL Erlenmeyer flask at 985 oc and 748 torr. The masrof 

vapor is 0'791 g. ^ 

^ 'hjJ^ (269ml) 
yO -"t 

■(0-751g) jUJI 0jjj (748torr) (98.7DC) ijj--. Ujj 
1 m.it.C "T yCz^D'f 'U t p '/ '■ ' ^ 

jUJ]] CJV ^ .i 

t>. What is the molar mass of the volatile liquid? 

? JjUaldl (JJUOII Lljxll AtsSll ^ U .c_J 
c" What is the density of vapor at STP? 

<~a jjJall Aa& jU-lll Ailj$ U .r- 

? v -■ 
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i- u .ifwi gjn 
A-aUil fU^uHl 

2) Consider the following data: Mass of condensed vapor = 
0,495 g at 98 0C and 745 mm Hg occupies 127 mL. What 

is the molar mass of the liquid? 

iiillplp 

T - 980C +273.15 - 371 J50k 

745 [[>- = 0.98 atm 
760 

127 - - 
■ : —— — — 0.127 L 

1000 

fin ■ 0.495 g 

T w 

"    

0795306216 

■I - 
mRT 

PV 

0.795x0.0821x371.15 

0.98x0.127 
= 121,19 g/mol 

(jli J 

d — m 
v 

0) f5^ ^ ~ ^ d 

Mw = 
dRT 

dx 0.0821x273.15 
^91.23-    

=>d=4.07g/L 

. (d) <^3 LjjLusJ 4ijLdl OUjlscd! iy* 1^3 (Mw) ^ 

1) If the outside of the flask is not dried after vaporizing the 
liquid, will the calculated molar mass be too high or too 

low? Explains 

cV cchuu AUU. W e1 >jjjh»h ^ 

Mass of volatile liquid t ^Mwt 

Mw ^ ^Ul ^ ^ ^ 

, mRT s>) 

■ ^ 
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£\jLA 

■ ■ -o^ 

Under same conditions P;, T, V. 

PV 
—> n - -—• ~ cons tan t 

RT 

m 20 
^>nu = = — = 10 mol 

Mw 2 

nn =10 mol Vl 

=>m0 = n x Mw = 10 x 32 = 320 g L^"' 

Given the following set of data: 

Mass of volatile Ikpild = 1.15 g 

Volume of the flask = 200 mL X-to 

Atmospheric pressure = 737 mmBg d .ctT 6 

The teMperature of boiling water = 970C 31 o ^ 

Calculate the molar mass (g/mol) of the liquid, 

171 

Question - iiiu&l 
^  —p: 1  ^ 

The molecular weight of which of the following compounds 
can be determined- by the method described in this 

experiment. Give reasons. Benzene, (b.p. 78 0C), glycerol 

(b.p. 180 0C).    

tiuJalL aJUjj CJUjaSI bUs> & 

ji (78C0 ^UJUIP A^.jSj 6,5^ 

t(180 Cc ^1# 

Benzene, because b.p of benzene < b.p of water "« 100oC" 

I T • .v O ' 
j c ' ' V'/"','- ',1 1 '''V 

A cylinder contains compressed hydrogen gas and the mass 
of the hydrogen is^O.g. What mass of oxygen would be 

contained in an identical cylinder at the same temperature, 
and pressure. \ 

Cf—& U i20 g Jlal! life 

4^ Jiff- A&& 

tiaLJajjji 
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4^1*31 

d) Using a 50 ml flask ijastcad of 150 ml in the 
experiment. ^ j-\; iVA-oo 

e) The reported temperature is 50C lower than actual 
one. K AT? Vko 

Mw = jjplill ^^Ic. jUic-VW 

a) P t''=> Mw -l 

b) m i =>. Mw i ^' 

c) m t Mw t ^ 

d) no effect u^" 

e) Ti =e> Mw'i-^ 

IVA 

Calculate the temperature (ebi 0^)xOf 1.53 g of a vapor of a 

volatile liquid (Molar mass — 74.0 g/moi)pWliich occuj3ies a 
volume of 65^.0 cm3 at a pressure of 86,0 KPa. 

h) 42 c) 36 d) 68 

173 

4^U3| g;i^V3 

a) 192 ^180 c) 185 d) 176 e) 160 

i 

m = 1.15 g V = 200 ml =• 0,2 L 

p ^ ZH = 0.97 aim- T = 97 0C = 370 0K 
760 

Mw = 
mRT 

PV 

1.15x0.0821x370 10nA„ . . , / 
Mw = 1—  -180.07 g/mol IX 

0.97x0.2 

Which of the following cases increases the calculated value 
of molar mass of a volatile liquid: 

; a) Recording the,pressure of one atmosphere instead of 
the actual external pressure in your laboratory. ^ 

• : • TP vlMc^ 
b) Recording the mass of empty flask higher than the 

actual value. ^ v 

/HlWhen the mass of the flask and condensed vapor is 

measured the flask was not completely dry. iX 

ftV-K 
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aj^\ 

- R (gas constant) = 0.08206 atin . L/moI.K 

Calculate the molar mass (g/mol) of the unknown liquid 

a) 120 b) 91 c) 102 d) 83 e) 74 

When of the.following statement regarding molar mass 

volatile liquid experiment is correct: 

V'3W 

a. The experimental molar mass will be lowerjf the outside 

of the fl ask is not dried. 

b. The density of a certain gas (molar mass = 171 g/mol) at 

STP is 6.99 g/L. ^ ^ 
rv 

'The density of a certain gas (molar mass =171 g/mol) at 

STP is 7.63 g/L. ^ 

d. The reported molar mass will be higher if the reported 

temperature is 5 0C lower than the actual, 

e. if 1.2 atm is used in the calculation instead of the actual 

value of 0.9 atm, then calculated molar mass will be 

higher 
Iff 2- 

0795305216 j 
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gfJuVI 

t 
m - 1.53 g T = ??Mw ~ 74 g/mol 

V ~ 650 cm3 P = 86 kPa 

^ 0.65 L =0.849 atm 

^ mRT Mw=- 

74 = 

PV 

1.53 x 0.0821 xT 

U 

0.849x0.65 

=>T = 325.1 0K = 52 0C 

Given the following set of data;: 

- Mass of condensed vapor = 0.85g " ~5^J 

- Density of unlaiown liquid = 0.812 g/mL 

- Volume of the flask = 390. mL 3ci b 

- Atmospheric pressure= '680 mmHg, (1.00 atm = 760. 

mmHg) O- 

- Temperature of boiling water = 97.0 0C 
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EXPEftlMEiTClO) 

« hermo Chemistry, and Mess's law 

u «u>*< Jsa Miiiffl J OlJtfsa ub 

gjOi' U* ^U1 ||I ^jj ^ ynj ^ 

■(Calorimeter) ^ ^ ^ 

'a^IJ $JL ^ ouS. vi'fAi-JI ,jJj»S 

on i? (Heat insulating plastic foam material) ijj** aJ 

^ (Thermometer) tJjA ^ (Cover) ^ 
Oif- ja LS »U«S Jilj mS Jjjt ^ (Stirring wire) jj^ 

■ JU jSoiil, 

Stfrrer 

I harmometer 

Caver 
sr^v- 

■•T? d m 
m^SI 

179 
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, V ^ulj (C) ^ jl jrx JJUJU5 cKJ 

^U Sjlj^JS 4-u£ i^Sp) (specific heat) SJ^aJi 

.S-laJj <jjl^ Aa-jJ SjLaII (j-o 1 g Sj!j^. 

Lj^U^alij (JjIjjjJIj (JjIU^aILi -u-ali*. Sp 

.(4.I8J/g.C0^Uil 

Unit = J/g.C0 

AH = Sp x m x AT 

(g) -^ii 

SjijaJl iajJu jjMuSl 

^T-T2-Ti 

The ) JaA^v 1^x4 ^Jc, Aajsu t—cJlA 

^ V ^liJ! (ji Je-^ir ^J^Cohservation of energy principle 

<^j (j* (JjSOJ (Jj (jA (jUo Vj 

Energy cannot be created or destroyed during a process but 

can only be transformed from one from to another or 
transferred from one part of the universe to another. 

^3^1 ^=31 (0) 4*AAS! OLuja. 

(Cold Water) ^_jb c3^^h» ^yc- 3jVi 

c-sUoia. (Hot. Water) (yi-luiil ^Ldl ^ aj^ AiUiaj ^3 ^ jl j^Jl jjb_ulA1 

181 

4«U]j ftdu&Sl ^131^ 

Jj-flJJ JiS 0jljsdl Jxi^ajoil AJJ^J S^U ^ yjUll A/ni.i^Ul SJsLollj 

(jt- e jl jsdl qa oj*- ®O* 

i^jljail j^wil pLEc ^ia jiic. J UojI (Thermometer) *J j=^\ u* 

jjluiAI Sjljadl *jlS (_IIUJ2O 

cKj (Heat Capacity (C)) <}jl H ^ 14 <^j 

• AIASOS Ajjl___p> Ajuji AJ 

Jtc Jl!Ls jA. AjJ^il! o'M* ^3 LsJj=dl 

.(Coffee - Cup) LUG LSJ 

Aa^ll (3^-ij (JjL-aLo (JSuuii (..J.lUall ® 

. "i»\ ^\jiu ^ Ajjj^iuiii tijjAi 

£aji A-.j^ll Sji j*l\ A^ -(C) (Heat Capacity) ® 

.O^i.1 J A_jjlo AJJLJ^ aJlUll 0 jl j^. Ai.jJl 
\ 

Unit = 1/0° OR kJ/C0 

=> [AH = C x AT 

sJj*!] a+S ^Ul f^U} JW : (Calorimeter) 

.(AH) 
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'Ubdl 

Coffee ) j^uuojl ^.^ViuL I^jLasj ^.jaj 4_sjjjj AH, 

.ajj^I ^ Jj^l f>Jij Ja^l ls^\ (- Cup Calorimeter 

.O^luVU, t-JljjjLa UU (AiiiK-} AH2 l-®! 

, Acid — ) Jlc-S JSJ (_yaj^ss Cli^LC-lij (jloJ AJjUdl Cj^lc-lfljil (jl ii=dj 

. IL>.V AmjJj U ja j (Base Reactions 

Procedure 

A) Betermii^atio!! of the heat capacity of calorimeter 

^ j! . 1 

(Partner) ^ . \ 

(JCJU J,U7>. AH L_jIUUil ^ill 'tflAG A 

^ l^j J^ (Density) *ld( Ailijl jjS 

oLdl Aj-aS U-lLui^u ^AaiLuU (l.OOg/tlll) QA 6^ 

• (Iml == 1§) 0J-uitxa Avti^Sk (Jlvli. ^-<1 __)JIJJIA1 

(> (75.0 mi) (Graduated Cylinder) ^ 

pUaill jjkjjuJI (JiJ-i (Cold W^atfit) ^jUll 

{y ^ fJ ^jljsA\ jxma& (Plastic Lid) tJXuMuUl 

1,83 

kA§d\. 

jA (C) _>=d! AjljA! ujUxa, |A_Ualwa A^juuSAi j SAjaid! ftjlj-vli Au.o£ 

.U=kV diLl I ■i.aJl ^ fjix* 

t—iLui-d (Hess s Law) (j^A (jjjta <—i^-oj Luli Lf 

. lagJ AlA&tt SJjaJI ^aj (Enthalpy AH) ^iiuVl 

NaOH H-NH4C1 —» NaCl +NPI3 +H2O AHfotai 

1) NaOH +HC1 -> NaCi + H2O " AH, 

2) NH3 +HC1 -> NH4CI AHc 

^llLj ujUSI *UA1J^ 101 cs^ t^SL4 j* L (j-aj 

{AHtoiqi) a^A ^^ic., ^daluij Uiji t4«!4Luil 5^/101 fiUaAj 

(^"''^) liiS (Y) i^J-Q Aj_)llaAi 

NaOH +1^1 NaCl + H20 AH, 

NH4CI ~^NPl3 +Up( -AI-J 

NaOH +NH4CI -> NaCl +H2O -1-NH3 

AH 4»<u3 (jtite Allbuil iyi& 

^ AH Totaj = A H, + (-AH2) 
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(jiLjill f-LJl iya j£ (^f») <2j«-0 ijtjjb CP'^\ 

^1E._^1 ® jl_)Ail ( i ^ HI'S} ejjJAJJ iajiisJi S*^>*_pj IA^1< (JS ojlja. 

.lia-V Lia-^ J>axui l-<^ JSJJWiU 

r ^ r 
^l SjljaJi 

V 

JJLJI «LJ1 

A f A 
lAJiaiu j^ill ijl_pJ) 

J ■ V 7 
{jilutll 5.UJi 

V . 7 

Heat gained by 
calorimeter 

Heat gained by cold 
water 

Heat loss by hot 
water 

i!ic - mass of cold water (g) 

mh == mass of hot water (g) .in? 

Tc = temperature of cold water 

Th = temperature of hot water (0C) 

Tm = temperature of mixture (0C) 

xSpx(l^ -Tj]=[me xSpx^ -Tj + [Cx(T,n -ij] 

.<JjUli AUJH JM£1\ isji jswwdl Sjljsdl 

185 

A^Uil ^U^uSJl 

diUuil! Jib (Stirrer) idUj (Thermometer) £ jl 

^jst-uuallj 1^1 A 

(jiuijj c_kijjaj (Beaker) pb-j Jib pLdl ^ (75.0 ml) 

A J-a v i'l ^yLSxJLa J^OJ t(60-70OC) {jJJ Jjj <a.jd ^Ldl \m> 

jc5 ^Jaiia J^jou SjljaJl (7® (Glass Rod) ^-'7?■■ jll 

To Ensure that the Temperature is as ) Jjk-dl J^-b 

dJj* c_ilj JXk £>j (Uniform as Possible 

5,Lej| Sjl^p* J?^ JjB.i V-Y qa ^jU! p.Ldl 

.(Tc) ijUl 

(jiLdl f.Uii <11 jV (Towel) AiAtdl jl (Tongs) iaSLJi ^bilw], o 

V-Y) (Laboratory Bench) jdi^Jl 3JjlL Jg <Sjjj < jUll (jc.- 

(jibdi f.Ldl ojijz*. J>j-" AjLc. jl£~A ((Jjl^J 

■(TL) 

Calj (jibdl oldl C-L-ffli jawjwd! f-lkc SJljU fi 4£.J4jU.1 

li-sac- J Jiiiuilj tiLjAjll ^Sj AjlLx c-Uaiii 

.Sjljadi distil Iaa J^ili (Y1 *) o-i-d (Stirrer) 

ajifti <ulj (7' ) —SI J^li o J J^. Jj^wiu ^9 .Y 

.(Tm.) LdiSl sjja. i_s&> <?• jdl 
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3^U3} 

Heat of add - Base Reaction:- " 

J^-Uj Sj)^a» .tyj 

.^hA <1 jaJl ^ US ^Partner) ^ \^a J^l 

(Coffe - Cup Calorimeter) js^Ui ^ ^.^•^■■■1 (y 

.JjVl tjA\ 

ij^ (Graduated Cylinders) u^j-^ jjJjlii-ft ^.lAaouiL (V 

.(2.0 M NaOH) o- (50.0 ml)j (2.0 M HC1) (50.0 ml) 

0^3^ (J^ -^U-Twliiilj U^j-a ^s.ij (JSJ ajljiJl U-jJ (^ 

o'(rinse) uUi 4^ < (Thermometer) 

.SjlljS (Jjl J5U 

UJ^JJ cKS Jja-uUJ (0 

.(Initial Temperature) A4I4VI 

j*-^ J) (acid HC1) o^Uil ^ (Base NaOH) t^c-Ull t-Ua! (t 

<A**j I^ulj Ailc-I (Calorimeter) ^JjA\ 

■ JaiUll l^ilj (Uaj ZJjs^A^J^ (V 

(0) jUl JajlaJl Ai3Sj Sj!Jid! U.JJ ^ jjrjII (J^U. ^ (A 

JjUoil £y> A^jLil! 4X<S£ CU L »■% \ ^^ye-wudj 

. OUU-^Ul.! lU-V A^jJa^iuj Ui£ 

(50.0 ml of 2.0 M HCI) ^ 'UjUII 0,U]l ^s^c. ■ v■!-,l (^ 

.(50.0 ml of 2.0 M NaOH) ^ ' 

187 

'UWl ^U^Jl 

C = 
m.xSpx^-Tjj-fm, xSpx(Tm-T„)] 

(t-Tj 

: Jsdl ^iajj! J&\ fA 

Mass of cold water ^ 75,0 g 

Mass of hot water = 75.0 g 

Temperature of hot water (Th) = 60 CJ 

Temperature of cold water (Tc) = 17 C0 

Highest temperature after mixing (Tin) = 38 C0 

Specific heat for water =4.18 J/g.C0 

^ _ [mh x Sp x (Th - T„ )1 - [m, x Sp x (Tm - Tf,)] 

(T„ -Tj 

c _ [75.0 x 4.!8 X (60 -3S)]-f75.0.x 4..t8xj^8 -1'/)] 

(38 -17) ^ 

C = 14.93 J/C" /- 

186 

Nadher Alshamary



^WMfP '.if !S%%fr ?%SiS®fe y'lKWKtT-'sVAxjfltfS; y^^^vrtiaafss^sw. 
#a 

^AM^n = [Sp x mxAT]+ [C x At] J 

: Jilt ^lawiUls (Sp, C) J£ UJ^1 J V-^i 

C = .T/C0 ^Sp = J'/g. C0 

J 

C = ml G" ^ Sp - KJ/g. c°  r__ 

Li'j = [4.18 X100 x (27 - 20)]+ [14.93 x (27 - 20)] 

= 3030.5.1 = -3.03KJ 

Exothermic SJjaJJ tfi 

!l„c, = M x v 

12x-^- =0.1mol 
1000 

Choi I =Mxv 

50 „ , , 
= 2x =0.1mol 

1000 

(J^A. 

HCl+NaOH^NaCl +H20 

189 

juLza! ^tlLa 

(AH) £ (KJ/ mole of water) ^ (J&Uill (AH) (^ 

. ctUlil 

NaOH + HC1 — H2O + NaCl 

A r 
+ 

J v 

(CJLILwoJ() 

A A ^ 
2^ 

J 
Jc-Ujli Ac- 

V J 

= [Sp x m x AT]+[C x ^fj} 

Bjij—»^sil JjU«Ja ^ 5JL—w U-Jft AHRxn S jl—uil 

Jj^ tJ-U+U 

1) Volume of 2M NaOH = 50.0ml 

2) Initial temperature of NaOH (Tj) = 20.0oC' 

3) Volume of 2MHCi = 50.0ml 

4) Initial temperature of HC1 (Ti) = 20.0ml 

5) Final temperature reached (Tf) - 27.0oC 

6) Total mass of mixture - lOO.Og 
7) Heat capacity (c) ( calorimeter constant) = 14.93J/ 0C 
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f.Uul3| 

Per- Laboratory Questions Ji u 

1. What is the definitioii of the joule in terms of the basic 
SI waits? 

J = Kg m /S2 

2. In a calorimeter calibration experiment, a sample of 

51203 g of water at 55,2 0C is added to a calorimeter 

containing 49,783 g of water at 23.50C. After stirring 
and waiting for the system to equilibrate, the final 

temperature reached is 37.60C, Calculate the 
calorimeter constant, 

(51.2«3g) 4jJj pia Am* SjjUu 4jjau ^ (Y 

(49.783g) ^ (5S.2°C) Sjlja. 

JiSWIj libjajll ^ ,(23.5 °C) ijj* fUJI <> 

37.6 ) _J LjjljjJi SjljaJi ij-jj JN1 yJj J^J) 

IjjijaJl WilJl ULv^j (0C 

191 

^Uii fiUuSJi £}^y) ^ 

Limiting ) ujj^, La NaOH j HCI (> J 

HC1 CjV^o ^ (H2O) CjVj^ ^-uj ((Reactant 

■NaOH J 

11H2o
:=nHd J nt, n = n. HjO NaOH 

^ nj =0.1 mo] 

ah=^: 
nH20 

H2O (> (Jj^ cKl (AH) ^ILJl uilu^J 

AU -3.0310 
ah=::'T7—r=-30-3KJ/«ioi 0.1 mol 

> .H2O u- {Jj- ^AH ^a j 

\ 
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iaUul 

Meaiis strong electrolyte solution = complete dissociation in 
water. " 

.pUU ^ u«Kilj JjgS Jjk-o 

193 

^Ul) g^l^uVi 

fsi 
ipililil m 

m, 
1" 

BSi 

[mh x Sp x (T„ - Tm )]- [m, x Sp x (Tm - !„)] 

(T„-Tj 

c = [51.203 x 4.18 x (55.2-37.6)]-[49.783x4.18x(37.6 -23.5)] 

(37.6-23.6)" 

C = 59.06 J/C0 

3. Give chemical equatioais for the reactions that will occur 

during this Experiment 

^in j&iiaj ^UuUi ihUuii uai (r 

*r-f, 

ilii 

NaOH. h-HCI -^NaCl f I J20 

4. The acids and bases to be used in this experiment are 

classified as strong acids or bases. Use your textbook to 
find what is meant by the word strong in this context. 

OisLiaJ ullu£ alfij ^ j (i 

.Igjk ka&A <4 U uwSil 
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  f WJI 

4. Given that AH for the reaction: NIl3+HCI->NH4CI, is 
-12.4 kJ/mol and the measured value of AH for the 

NaOH/HCI reaction is -55.8 kJ, use Hess"s law to 
calculate AH for the reaction: 

NaOH + NH4CI NaCI + NH3 + H20 

j&iisii (AJJ) oiis&i ^ 

NH3 +HCS - NH4CI AH2=-12.4 kJ/mol 

(-55.2 KJ) djUS (NaOH/HCI ) ah ^ 

(AH) 
NaOH +NH4CS NaCI +NH3 +H2O 

'fflAVi rii."       ■' V r'r- ' ^ 'f-r?' ^ ' 'VAC'^, W 'V*-,. , 

NaOH +IJC5I —^ NaCI + H2O AHi= -55.8 KJ 

NH4CI -^NHs +lf^l AH2= 12.4 KJ 

NaOH +NH4Ci NaCI + H2O +NH3 

  ■**" ■ 
AH SjUj 4iJkAlj 6^ LUa 

^ AHTotaf =AHi + (-AH2) 

= -55,8+12.4 =-43.4 KJ 
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^Ui) g_l^l 

Questions aJU^^i 

2. What effect on the calculated calorimeter constant 
would be observed if the calorimeter cup were made of 

conducting material (such as metal) rather than plastic 
foam? 

jswwsil ^15 {j| jSUiwdl AjjljsJ AAWjil 'Lui ^c. Jjithil U 

The solution became cold "AT|" 

^ Ct ■ 

Uij^u (AT) JJ c5^ ci>oi 

jju^.11 (Q AJJIJIU! 

3. Why is water typically used as the heat-absorbing liquid 
in calorimeter? 

u^UalaV ^ JjU^ ^Ull jjU (V 

Because the water have high specific heat capacity 
uSp=4.18J/g.0C" 

.(Sp " 4.18 J/g.0C) j* pUJI tjV 
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a) 15.5 |b))lL3 ] c) 33.9 d) 50.5 e)60.0 

7. A student obtained the following set of data 

- Volume of 1.2 M HCI.solution - 60.0 mL, 

- Volume of 1.2 M NaOH solution = 60.0 mL. 

- Rise in temperature after mixing solutions ■= 6.2 0C 

- Specific heat of solution = 4.10 j/g. 0C 

- Heat capacity of the cup= 50.2 J/0C 

Calculate AH (in kJ/mol H2O produced) for the reaction of HCI 

and NaOH 

^47 b) -52 c) -50 d) -65 e) ~ 60 

NaOH(acj) + HCI^q) ^ NaCI(aq) +H20(I), AH - -55.0 kJ/mol 

NI-l3(aq) + HCI(aq) ^ NH4CI(aq), AH - -52.0kJ/mol 

Calculate AH for the following reaction (in kJ) 

NH4CI(aq) + NaOH(aq) NaCI(aq) +NH3(aq) H20(I) 

a)-106 b) +4.0 c) +3.0 
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d)/3.0 e) -4.0 

rUJu 

5. When 56.90g of hot water at 65.20C is addled to a 
calorimeter containiaig 5^.5bCg of cold water at 22.Q0'C the 
final temperature wasr35.4 0C. Calculate: 

1. Heat lost by hot water 
2. Heat gained by cold water. 
3. Calorimeter constant (joule/ ^C) 

b. Heat lost by hot water = mhx Sp.x (TrTm) 
= 56.9x4.18x(65.2-35.4) 
=7087.71 

c. Heat gained by cold water = trie x Sp x(Tm-Tc) 

= 52.5 x 4.18x(35.4 -22) 

= 2940.6 J 

j ^ Heatl lost by hot water - Heat gained by cold water 

^7087.7 - 2940.6 _ 

(35,4-22) 

6. A 50.0 mL of pure water at 60.0 0C is mixed with 50.0 
  ' 

mL of pure water at 22.0 0C in a coffee cup calorimeter. If 
  

the fina! temperature of the mixture is 40.5 0C. calculate the 

heat capacity in (J/0C) of calorimeter. 

(Specific heat of water = 4.18 J70C.g) 

(And assume density of water = 1.00 g/mL) 
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«UUJj ^UaA!) jjj^S 

SXPERIMEST (12) 

SoSubility product constant and 

common lors effect 

dj iuJlWI u^ Cud) 

Objctives 

Molar ) jV Ajjjliil ^ jaj t_aj4Jj 

Solubility product constant) lU=»^ cluIjj (Solubility 

Oja.j JU. ^ Aj AjjV.>dl ^jjjlcsl} ( Ca(OH)2 _>d ( Ksp 

(Presence of excess Ca+2) Ca+2 ;> j 

Introduction 

(3liaj tiliil pLJtj Jjla j£ub ojij ^waVl (^=wj 

. jJiJi 

(Slightly soluble or spaiingiy soluble salts) 

j^lcr 

solid ) a^JiA\ sjiUI (j^u (dynamic equilibrium) c^Ujj 

(soluble ions) a^IIaSI ^XoVl cjUjj1 (salt 
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Ujl!) PUjVI 
 -    Ml »^>*r-^« 

..(Molar Solubility) ajjVjA\ a^aVjA] 4j1& ^Ikj U iiAj 

Common ion effect 4>i«aJI ^jjVi j^'u 

t> (anions) ^lUi J (Cations) CjUjjI ^iLi] ^ 

^-liLa ' COj cCa+2 'UaAj" (iKflJ (j-<i diljjyVl ^JJ 

^JjjUujI t-A^) Ijigi (CaCOj^) (> { Saturated solution) 

Shift to the ) jLoali J J) (Clechateiier's Principle) 

sjUj (illjjj (Common ion) ^jliui! jjjVl Ija (> S^Ujl! JJaji (left 

Molar ) ajjVj^II AjAjljll (JiS liilijj CaCOj ^ s^Ldl 

(Solubility 

~d (ICSp) LJ_)jJa (J^-iaLa. Cllj\j (JJUSJ 

^1111 uUxj < (Molar Solubility) ^lillj (Ca(OH)2) 

.(Ca 2) —j ^ Aliljj (JIa. ^ AJ AjjV 

l> (OH ) S JJU-6 (JJjla (JC. CJIJLU^I} 6JA (J£j jSJ ciJXMJ 

Standard hydrochloric ) (_5jUs^dl ^ tiKajil aaI^c. 

Ajaii oc. (Bromo cresol green) ^JuilS (acid 

(Blue) tijjl (> ^l^lt jpj fejU qc. (End Point) iei^l 

^ (Yellow) jix-al JJ (BavSic Meium) ^ 

(Acidic medium) 

(JaJI A5j_>la (jjSij 
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J^Uii ^UaAI] 

Calcium ) dityjjjS ja ^ ^jjli Ija cJH^j 
i 

(Limestone) Lf j^j (carbonate CaCOs 

.AjtAiLll Zjt&J 

r^bll JLjiil j^jc. ^KaTill 

CaCO.. ->Ca;';+CO:? ., 3{s) (aq) 3(aqj 

(JSjJij jLuiyll dclailt lii {J^j 

(The equilibrium lies for to the left) 

.^UiU jbjill ^r.J--..■» (CaC03 ) (jV 

JAjlljlj AJjta-dlj 1 jjA (jCi jJJsuil ^aLluijj 

KH[Ca+2] [CO'2] 

Ksp= Solubility product constant 

(8.7 ^ 10 ) cSjhjJj ■Aa.jJ Aio dijlj JAJ 

(C03
2Ca+2 , ) Cy ^ d ls^1 ^ aI^L-oII (250c) Sjl 

LU jjfe ClSj ^ (-JJxij. (T-aU. J Jj t 

.Clijlj La^jjxb (Jj-flUk (Jmoj [Ca+2 ] JCOj2 [ ij 

(Saturated^ solution) JjL-dl 

ul^ (CaC03(S)) u^L-sll ^ul! td&Eu jA ( CO3 Ca.2,) djljjj'V'Aja ao.j11 

2.3 x 10'5 mol/L = /S.? X10-^ - [Caf2] = ] CO;2 [ 
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LW) 

Igikifj ajL«j ^UU (50ml) (Buret) jl^. (v 

Spt^l cl>^j HC1 JjL-^j (Buret) 5Ujj (Rinse) 

.^UuJl (Initial reading) XAJ$\ 

•HC1 -J (Molar concentration) ^jVj^lt jfjA\ (r 

^ (Bromo cresol green) & "t^£iUi 0^,1 (i 

^-aJl (Ja-uij (Yallow) Sjjixxli 

•HCl -J (Final reading) 

Jja-ijUJ ojjjliSl 4lijiall i_5lc, J^wu ^5 (o 

B) Molar solubility mid Ksp for €a(0H)2 in 

0,i0m CaCIj solution 

ia£S (Jjluill C-jsdlj (t"',l) (J* CjijksJ! Jic] 

.(Ca(OH)2 in 0.10m CaCt) 

1. Write the mass action expression for these slightly 
sohible salt equilibria: 

oWJ^I ^wsu wssl (\ 

1. Cu^s) *+ Cu2+ (aq)+S2" (aq), Ksp= 

2. AlJS3(s)i5Ar(aq)+3S2"(aq);, Ksp= 

3. BaS04(s) UBa3+(aq)+SO2"(aq), Ksp= 

4. Se3(P04)2(s)t;3Sr^(aq) + 2P03"(aq), K5p= 
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g_UVI j^ULi 

Ca(OH)2W ^Cal+20H-,, 

K^fca^IoH:]' 

tjli Cyx j jA, U£j 

[ca«]=)/[on-] 

jli (iljliAttil AiLjaj (JjS 

2) Ks^ 

1) MoIarSolubiIity=-ix[OH ] 

"l 
-OH 
2 • 

[OH"]5 

MolarSoIubility^x [OH ] $ Auj$1 ^ U 

Procedure 

A) Mblar solubility and Ksp for Ca(OH)2 

4 6^%^ (Two Erlenmeyer Flasks) (i 

(250ml < d50ml) -»9w=0 t«Aj (J5> ^glc. (JJ-aV 

<>« (25.00nl) £-■-=" Ui^^c. Aa.lj {Js, () xj-aj a^.1 j 

jW >j" (Dispenser) j> (Ca(OH)2) —4 

CliSj (JjiliGj Jjg MMI ASju OfA* (Jaj-i Oja 

"Aj^jaull 

Aluminium ) Ailaj ^I^lLuLi Cy AAiiib ^sj 

. jaJU CO2 (JU-auj (Foil 
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(278.1 g/moi) ^Ij PbCl2 -J (Mw) ^1U 

t>" 

Solubility (g/L) = 0.0159 x 278.1 = 4.42 g/L 

3. Calculate the molar solubility of PhCiz in the presence 
of 0.10 M NaCI, (K,p for PbCl2 = 1.6 x 10"5). 

i}5ji NaCI J PbClj -1 ijjVj-Jl iuSlill (r 

uKSp= for PbCl2 = 1.6 xU)"5' .(0.10m) 

NaC\l Na^, + C1 * ^ - 

0.10 m 0.10m 0,10m (Complete dissociation) 

fbcK,45 PbN) ^cl ff t— , .. 

2x (Partial dissociation) 

djiui DjiJvi dhii" cr j *j*j Ji-nt 

^ ^Ue2^."0;10+x" j "Common ion 0.10 [Cl ] |J^ ^ Isla, x (p I<;s 

Ksr =[pbM|cr]2 

1.6: x 10^5 = [pb+2|o. 10]2 

221 

^uji p-&A£1\ 

    —   
.■l]'y - lit 

a) K!p =[Cu+j][s-3] 

b)K.p =[Ali2[si3 

c) K!p =[Ba+2][sO-] 

d) Ksp =BMPO-!]2 

2. Calculate the molar solubility and the solubility (in g/L) 
of PbCi2, (Ksp for PbCI2 = 1.6x lO'5). 

PbCb (g/L) b'te-ji 4^1 jJlj AjJ$'UdJiill uLu^j (y 

Xr 1.6 xio-5" 

PbCL Pb:J+2Cl:q 

X 

_ Iz 

2x 

Kj =[pb+2][cr] 

1.6x 10'5 = (x)(2x)J 

1.6 xio-5 = 4x3 

MS*  " 
i-fj JaisIjiU] 

^ 079530621S 

=0.0I59mol/L = Solubility 

g/L/J mol/L o-i^j (JjjsJilj 
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^ e^yi 

B) Solubility of Ca(OH)2 in the presence ofCa
+2 

ca+2 -'s^ Ca(OH)2 ^ .u 

1) Voiume of Standard HC] added 2fi W 
2) Molarity ofHC1 q Jj11 

6 ofsaturated Ca(OH)2/Ca+2 Solution 25.0 ml 

nHCI =M XV 

=0'05xiW0 = L05xl0"3mo1 

nHci= n
orr = 1.05 x 10~3 mol 

n foH-]—n 1.05x 10"3 1) [OH    = 0.042M 

1000 

2) [Ca-2]=lx[oH-]+0.1 

- x 0.042) + 0.1 = 0.12.1M 

3) MolarsoluhilityofCa(OH)2 =^x[off] 

= —x 0.042=0.021M 
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f-UySJl ^154, 

 ^rpt,+21_ i*6x IO*'5 , 

[OHO]2 " 6xl0'mot/L = sohbiiUy 

■djiAJi 0j^\ (Solubility) ^!i]l 

Cafculations ^UiJ| 

A) Molar Solubility and for Ca(OH)2 

- Ca{OH)2 _J Ksp j 
1} Volume of Standard HCI 0f-. , 
2) Molarity of HCI 

3).V0lume ofsaturated Ca(OH)2 Solution 25.0 m! 

HCI -Mx v 

n 26.5 

1000 =1,33>< 10-3 mo! 

11 HCI -n0H- 

1) [OH~]=—= 
n 1.33x10" 

v 

2) [Ca~2]-~x[OH~] 

= ~x 0.053 = 0.0265M 

3) Ksp = [Ca+3][OH"]2 

K0.0265)(0.053)2 =7.44x10"5 

_25 

1000 

= 0.053M 
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2, How did tlie added CaCb affect the molar solabilily of 
;Ca(OH)2?Explain. -e v 

.jJ* ?Ca(OH)2 -5 CaCI2 ^ ^ 
 k.-™,-^-«-rc*.A«niswiv^'TtfTOTre'te?f3 ^V-:- 

[Ca+2]t^ Reaction Shift to the left ^Solid of Ca(OH)2 
Molar solubilityi 

nhj Jl liAj jWi cJc-tfljll jl J} ^ t [Ca ] 

3. Calculate the molar solubility of CalOHft in 0.10 M 
NaOH sotation. Use Hie value of K3p obiained in part A. 

jjSJa NaOH ;> J Ca(OH)2 -1 •r 

.A J* KSp ^ (0.10m) 

K, iCa ::IOH 1 

■ 7.44 xlO"5 =i jcan][0.10]2 

fCat2]= 744--1
0- = 7.44 x 10:5 M= solubility L J [0.10] 

"S V t, ■ • 
iWr " 

uivii 
0795306216 
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S«aUJI C^51 

jjjjVt 1-^ tiljluLill O^Vl (3*° Aojjijl]! ^lajj ^ Ja.uu 

■>V1 

Questions 

1. A saturated solution of Ca(OH)2 is prepared by adding 
enough Ca(OH)2(s) to distilled pre-fooiled water, the 
solution is then filtered to remoye any insoluble amount 
ofCa(OH)2. 

,^>4 ^iS ^iLiaU jliaa, Ca(OH)2 Cy* ^ 

Jjiab-dl SIbsa JjIsj JjS- JsLA fLd Ca(OH)2(s) 

.uu)^ Ca(OH)2 CH J 411 ji 

a) Why pre-boiled water is used to prepare the saturated 
solution of Ca(OH)2? 

^CafOH)? Cy* e)^xvcx^-il (jtJAll (Jaa s.L<i lxdl.\r» >1«) 1 jLd 

b) If sqme solid Ca(OH)2 remained after filtration, how 
would it affects the calculated values of molar solubility 

of Ca(OH)2 and the KSp for Ca(OH)2? 

Ajjjlill 4^ csio IIa Jijj f-Liia 0 Jiiai Ca(OH)2 (y ^ .b 

?KSp A-<uaj Ca(OH)2 —i Ajj^t^jl AjjVj-dl 

To remove CO2 
b) Molar solubility t 
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UaJI fUuSJI £}A$\ ^kA 

6. A 20«0 mL of 0.060 M HCI solution Is- required to 

complete titratlou of 25.00 mL of saturated soSution of Ca 

(OH)2 bii 0.10 M CaCL calculate the solubility of Ca(OH)2 

in (g/L) in the above solution (Molar mass for Ca (OH)2 

™74.0 g/mol). 

a) ,1.8 | b) 0.89 c) 2.7 d) 1.0 e)1.3 
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^UUJ! 

4. Consider the eqi|iSlbrium which of the following 

statements would decrease the solubility of Ca(OH)2 In 

water • - . ' 

Ca(0H)2(s)^Ca2+ + 2 0H-(aq) 

a) Adding more solid Ca(OH)2 

b) Adding of HCI solution. 

[c)] Adding saturated solution of CaCL2 

d) Adding of distilled water. 

e) None of the above. 

5. A- 17.0 mL of 0.040 M HCI solution are' needed to 

neutralize the base in 25.0 mL saturated Ca (OHh 

so!utioii> 

Calculate for Ca (OH)2 

(Write the balanced chemical equation) 

a) 6,9x10'6 •' b) 3,2xl0'5 |c) 1,6x10' 

d) 5.5x10"' e) l.OxlO'5 
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