SOLUTIONS & SOLUBILITY

What is a solution??? A hgnm_geam)s /%wd M YTore  here

A iO//dﬁ (S ﬁzm%_i:g‘r/@fgcl V1 A SoleEnt-.

Properties of a Solution

Make(SDe L
mL MGk

observations of these solutions in the chart below.

solutions using the substances available. Record your

Substance /Alread
. Fovd  Colorv 2Cl (5) ~ vl
dissolved = 00/( 2 %,005 9 53 Ne Coso “1(0‘3 Mo

Can you read the The
writing on the card Soln .
when you hold it \/E’S s \/C: SJ \/LC 3
behind the solution? C EA(Z
When you pour some Soln .
of the solution PASSES
through filter paper,
docs the filter paper I\/O B *‘nf‘(/uqh NO NO
collect the substance UNCHANGH)
dissolved?

Color’ %
Does the solution have : 'Clhrnh’ X <
a color? \/ €S Are not / \/0 / E -

e

SAME
Have any of the
dissolved particles
become undissolved NO NO : ‘K.)
during this activity?
Solute: %f Qng_ston(’c’ ,_.M_/_Vfo/
Solvent: ’mé Q_Q_bjﬁa pee. A 50 Jute | 15 _dissolveo i)
/‘/ CQ]@”HQ ) /1/0' 0//5 , ¥V<OL/_;55

What was/were the solutes in the activity?

What was/were the solvents in the activity? 1 Zg er” é)\/ﬂ v(’rSAl



FACTORS THAT AFFECT SOLUBILITY

1) Temperature: Does temperature affect the solubility of a solid or gas?

Spotulan ) Add A4 Scoo P . . 4
Solids — Using a teaspoon at a time, add and mix sugar into hot an
cold water to observe which water temperature can dissolve more.

SCcP S .
Approximate # of teaspoorrs dissolved 1n hot water:

Approximate # of Qé% dissolved in cold water:

**It can be concluded that Ai 4fmp. DICVEASES , +H1€

M’Ublh/‘g’ mC A SO//Q/ \INCre ASES .

teo ey, ONEQ .
Gas - Pour soda into X test tubesand place fhi€ test=twde-in a hot water o4

andka%ld water bath. The bubbles observed are carbon dioxide
molecules that are no longer soluble in the soda.

Which temperature water resulted in more bubbles being released
from the soda? __ H/ :9 n  ten [2-

**It can be concluded that Aj te mp. INCre4ses | he

Sg)/ubi/i/blf Qf A 9/}5 //PQI’Q‘ A5 €S .
2) Polarity: Does the polarity of a molecule affect solubility?

Using water as the solvent (water is a polar molecule, hint hint),

set up paper chromatography using permanent & washable

markers. If the ink moves on the paper, it is soluble in water.
W e -woiden

Results 1n water:

Permanent marker - Soluble or insoluble _Lnsolvble ( Nor D(_)IM\

Washable marker - Soluble or insoluble S_Q lv { /e (PolAr:)

**1t can be concluded that /@e DN AN orrt WAk e

= wsolukle  whelh shaws s Paak Noncalon

®,



3) Pressure: Does pressure make a substance more or less soluble?

Watch the video ‘Why don’t whales get the bends, when divers can?’
and answer the following questions.

*As a diver descends, what happens to the amount of pressure on the
diver’s body? 1+ woceaseS

*Since higher pressure air is inhaled, how does that change the
amount of gas in the blood stream? More 1S _dssolved

*What happens to the solubility of nitrogen in the blood as the
pressure on the body increases? _ L+ W\Cre AS€ S

*When a diver comes to the surface the nitrogen in the blood becomes
LESS soluble. The lungs cannot rid the body of this nitrogen
fast enough. As a result, bubbles of nitrogen exist in the blood.

***[t can be concluded that AS DEISWE€ WNCYCASECS , ihe

Soiubm&?} o A GAS \NCCRASES.

Onev™ EACYoNS ...

X SHee ~ Inereases Solobuhﬁ oQ A solid
g DeC reASES solotl ot A 3,&5

v Suctnce Aer - lacreased  surface  ares
will InCTeAse 30}010.!,(13‘

(5;y1,q”€r’ pA\f'—hC(C’ Slze =
Hlﬁ\/\er surfAce Area)




TABLE F: Solubility Guidelines of Aqueous Solutions

Name or write the formula for the following polyatomic ions.

A
Ammonium N H Y NO;3 - Nnhate -

SO.42 SU\QA\f acetate Qa HSO 2 ~

Phosphate____ POy == OH _‘ﬁ%dﬂmﬁg

Carbonate  ( st Chlorate C lOs-

_ 1%! Table 2™ Table
These 10ns will Except when Lhese tons will | Except when
form soluble they're lorm insoluble they 're
| compounds bonded Lo compaunds bonded to
- when bonded thidse ists: when bonded these ions.
to something to something
CISC. else. I

Using Table F

1. At least one of the ions in your given compound will be on Table F. Find
the ion.

2. Determine if it forms ‘soluble’ or ‘insoluble’ compounds.

3. Check to see if that 1on is combined with an exception to the rule.

Using Table F, determine if the following compounds are soluble or insoluble.

1) NH4Cl _Soluble 2) CaCO3__Lsolobkle
3) NaCl _Scloble 4) PbCl, __1_n3solvkle
5) Ca(OH)2 Dolu'a\e 6) Mgs(PO4):  Lasolulole

7) CuS __Lnsdde\e 8) NaCH3CO0 Solukle




Solutions & Solubility
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1. The solubility of KCI(s) in water depends on the

A) pressurc on the solution
B) rate of stirring

C) size of the KCl sample

(é) temperature ol the water )

2. Under which conditions of temperature and

pressure 15 a gas most soluble in water?

A) high temperature and low pressure
B) high temperature and high pressure
C) low temperature and low pressure

D) low temperature and high pressure
——— ——

3. Which formula represents a mixture?

A) CoH1206(¢) B) Csll1206(s)

o) Licie

4. Atwhich tempcraturc can water contain the most
. - E————
dissolved oxygen at a pressure of | atmosphere?

B) 20

C) 30.°C D) 40.°C

5. An agqueous solution of sodium chloride is best
R ————
classificd as a

A) homogeneous compound
3) homogcencous mixturg
C) heterogeneous compound

D) heterogeneous mixture
6. Which must be a mixture of substances?

A) solid B) liquid
C) gas D) solution

S ——

7. The solubility of a salt in a given volume of water

depends primarily on the

A) surfacc arca of the salt crystals

@ temperature of the water )

C) rate at which the salt and watcr are stirred

D) pressure on the surface ol the water

R. A change in pressure would have the greatest effect
on the solubility of a

A) solid in a hiquid @ £as in a liqulds

C) hquid inaliquid D) liquid in a solid

9. At room temperature, the solubility of which solute
n water would be most affected by a change in
pressure?

A) methanol B) sugar
szbon dioxide )D) sodium nitrate

10. Carbon dioxide gas s most soluble in water under
conditions of

—

@) high pressure and low tempcrm

B) high pressure and high temperature

C) low pressure and low temperature

D) low pressure and high tempcrature




TABLE G - SOLUBILITY CURVE

Identify the following components of Table G:

X axis: ’]gmﬁf‘ﬂ‘lw@ [_C \ -
Y axis: J /00 gﬂ_zo 3 T:)SO/UZQ/Z /76/

How many grams of water are used

1IN each solution? /ﬂ@% = /ﬁO m_é__

Grams of solule/100g H 20

Do all lines on Table G have the same relationship

between temperature and solubility? __A/L________ Yoetpitotars {70)

Using Table G in your reference tables, identify the mass of each solute that is
soluble in 100g of water for the temperatures given.

1)KCl at 70 C fﬂ-‘—\%cj ' 2)NH3at 10 C 703

3) Klat 20 C _ l“ﬁ% _ 4)KNO; at 50 C <(§ﬂ~<55§
5) NaCl at 100 C__ 1 0%_ 6)SO:at80C___3Yq

7)NaNOs at 70 C 1354364 8 HClat30C__ fa']% .

AN Cavv ke d\sso\vgd W\ a4 volunmae el wonte
A+ A Qiven  termpecatuce., ‘

Supersaturated solution: A =, lvhom o1+ move  selote dissolved
HA AN norvvmuj cAN ke dissolved @ A Jurer  demp,

Unsaturated solution: A <oluheon Mt 1o Algle e
dssdlve more solte AN A4 Jrveny  temp




Are the following solution saturated, unsaturated or supersaturated?

1. 60 g KClat 70 °C Sy persarcated 2. 10 g KCIO; at 60 °C Uns atueate &
3.80 g NaNO; at 10 °C Datcated 4,70 g NaCl at 20 °C Sypensatincate

Tell how many grams of each solute must be added to 100 g of water to form a saturated
solution at the given temperature.

1. NaNO; at 10 °C 3()3: 2. NaClat30°C _31- 3% q
3.NH;at50°C___ 271 - 2% ‘% 4.80,2t50°C_4-3a

When comparing solubility: |he splole o€ g d

%Av.eﬂ. _:lfimP___ . 13 MORE oL OVRCLE.

SOLUBILITY RATIOS
If the amount of water or solute changes and you are still making a saturated

solution, you can set up a ratio to calculate the amounts of water & solute
needed.

Temperature NEVER goes into the proportion

Example:
How much solute i>needed to make a saturated solution of KNO3; with 275g
of water at 50 degrees Celsius.?




Saturated and Unsaturated Solutions

Is there a limit to the amount of solute thar will dissolve in a salvept?

Why?

N — - —-_— e

We use solutions every day. People who wear contact lenses use “lens solution” to rinse their contaces and
keep them wer. Adhleres who consume sports drinks after exercising benefit from the elecurolytes in those
solutions. This activity will explore whether or not there 1s a limit to how much of one substance can dis-

solve m anocher.

Model 1 ~ Saturated and Unsaturated Solutions

” ~1
-

*» All beakers contain 10.0 g of
water.

* All beakers are kept ar 20 °C,

o All soluttons are surred far 2
hours.

 Solute s the same substance 1n
all bealers.

-

Beaker C

Unsaturated Solutions

T AT T N S ———— Sl — u ef— 0 . w— . WOA———— s w—P U C——, * .
.

Beaker A ! Beaker B
/-—-.—..-_-‘-——— $
|
0 '
0 ) l
" ;
O |
|
1.0 ¢ of solute added I 2.0 g of solute added
S ; /O

Q: | 0

Saturated Solutions
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Beaker D l
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Beaker E

2.6 ¢ of solute added
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Sarurated and Unsaturared Solutions
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1. Which illustration below IePresents

a. solute particles in a solid state 1n water?

D —

b. solute particles in an aqueous state?

-_“

(-~

W hat variables are controlled in all hive beakers of Model 1?2

oTemp, 0 T\,pé O‘v' 50'04"6
- Aot of o Axex - 5"\"””0_) QO[ £ lraucs

3. Count the particles present in each beaker of Model 1. Fill in the table to show the number of
dissolved solute particles and the number of solid solure parucles.

4. Consider the beakers in Maodel 1.
a. Which beakers represent unsaturated solurions?
A, B
b, Which beakers represent saturated solutions?
¢,D)E,

Beakers A-E in Model 1 are depicted as representing five different or separate solurions. They
could aiso be considered as five “snapshots” of the same beaker over ume. In other words, if
addicional measured quantitics of solute were stirred into beaker A 1 small tncrements over time,

\Ji

chen beakers B=E would result.

2. When a small amount of additional solute is added 1o an unsaturated solution, what happens
(o the number of dissolved particles? Provide specihic evidence from Madct 1 to support your
answer.

T4 ocouvld dwasolve .

i When a srnall amount of additional solute 1s added 1o saturated solurion, whar happens o

the number of dissolved particles? Provide specific evidence From Model 1 to support your
answer.

T wovld oy dssolee

r. Predict what would happen if a small amount of additional solute were stirred inco bealker E

in Model 1. |
1¥ u:O\:ld =Yy aAirvr md\ssolued / Sol\d.

O

POGIL™ Activiries for High Schoo! Chemistry
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6. Have each person in your group provide an example of the word “saturated” as it is used in an
everyday context. Summarize the meaning of the word in the space below.

© MAXWY\UYY) AN (Y o sdute $S§0\%d M A

e Ase e Ao of dissolved

& CAV\'—¥ \NQC
/PA(‘—\-\ c\es.

% 7, Use a grammatically correct sentence to explain why beakers D and E in Model 1 are labeled as
“sarurared.” Be sure to incorporate the words “solute” and solvent” in your explanation, and
rcach a consensus within your group.

The mMAXIMuY AMount o+ Solute 13 d!SSol\)ed )
Pre %l\le\f" Aot of  soluent,

8. Whart feature in the beakers in Model 1 would typically enable a student o distinguish a
saturated solution from an unsarurated one simply by looking at the beaker?

The =old particles Al dne bottonn (md/.sso/utds

9. Beaker C in Model 1 is shown as “saturated.” Explain why this is the correct category for
beaker C even though the typical fearure listed in Question 8 is not present.

The maximpnn #H of pAarhcles _Are oissolved //?)

10. 1f you were handed a beaker conraining a clear solunon {with no solid solure ar the bottom?}.
and asked to identify it as “sarurated” or “unsaturated,” what simple test could you perform to
determine the answer.

\

Ac\d "o e Sol&ﬂe -5, R o G I‘D -+ dt;}olves .

Saturated and Unsarurated Solutions



Model 2 — Solute Dissolved vs. Solute Added

The {ollowing data refer o an experiment in which 2 measured mass of solid 1s added 10 10.0 g of
0 °C water. The mixture is surred and allowed to sit for 3 hours. Ten separate trials are conducted for
the expenment.

Te: : Mass of Mass of |

N solute added  solute dissolved ! |
: Numbe ‘ o '
: (grams) (grams) |
"‘ 2 r‘ Ilj S — - / i

1 1.0 | 1.0

k 2 2.0 2.0
| 3 3.0 | 3.0
. 4 4.0 3.6
5 50 3.6
\ 6 6.0 3.0)
=.. « pinsesr® ©ws siom .! - — e J— -..L._.._ ..
: 7 ! 7.0 3.0

- —— T
\ s 1 8.0 6
|9 9.0 3.6 L. 2 Y 5 (G 1 8“...?.\._(1.0 o
o 0 | 36 MASs  acded (9)

11. Four of the trials in Model 2 correspond to beakers A, B, D, and E from Medel 1. Write the

lerrers For those bealiers next o the corresponding rrial numbers in Model 2.

1y che following variables in the experiment in Model 2.

Dependent variable (ndependent variable Controlled variable(s)

13.

ich a graph of the dara for the experiment in Model 2. A space has been provided next to the
datrable. Be sure to consider which variable belongs on each axis.

14. Consider the dara in Model L.
2. Which trials represent solutions that are unsaturated?
17,5
b, Which trial numbers represent solutions that are saturated?

+ Describe the feature in the graph that can help you identify the saturated solutions. Explain.

Flat line / Con starrt Qiso ol mass

POGIL™ Activities for High School Chamisrry
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Chemiistrg: Form WS8.1.2A Name e

SOLUTIONS Date Period

Selubility Curves

The solubility of solid solutes generally increases as temperature increases, while Table G Solubility Curves
the solubility of gaseous solutes generally decreases as temperature increases. A . T T Rano, |
solution that holds as much solute as can dissolve at a given temperature i1s 140 {—- 13 ~Hengmpnciss g
saturated. A solution that can dissolve more solute at a given temperature is 130 1 F—— --3«'-,-“ Y ;
unsaturated. A solution that holds more solute than can dissolve at a given 120 |~ Jr.__!.ml.....; £y im0
temperature is supersaturated. The amount of solute that is needed to form a 10 ,..s-'_,-i.,,l-a,t 9 :
saturated solution at various temperatures can be graphed. This is what 1s shown st - __,,}_f!??_'i_ o
in Table G. The values in Table G are based on solute dissolved in 100 g of water. i
Since water has a density of 1 g/mL, the graph can be considered to be based on
100 mL of water. A 200 mL sample of water would be able to dissolve twice as

much at each temperature.

© N A TR

Solute per 100 g of .0 (g)

Answer the questions below by referring to Table G.

1. The compound which is the most soluble at 20°C 1s K 1

2. The compound which is the least soluble at 10°C is }ﬁg A3 .

3. The compound which is the least soluble at 80°C is __ <>( ) . % 10 2 % 4 5 8 70 & % 100
Temperature (°C)

iii=:<

(‘ 4. The number of grams of potassim?'}ate needed to saturate 100 mL of water

at 70°C 1s !2)‘;! — ’ﬁ:iﬂ . 5IL

5. The formulas of the compounds whichcvary inversely with the temperature are «,S O2 ¥ :

6. One hundred mL of a sodi'ﬁ)ﬁ)adﬁfgﬁ?c solution is saturated at 10°C_Haw many additional grams are needed to saturate

] o9 .0 — o — ' | 3
the solution at 50°C" {0, ‘503 =y V1 (0N~ O¢

7 One hundred mL of a saturate KCl solution at 80°C will precipitate 10 grams of salt whenCooled to what temperature?)

L/ | /$ | (0 A ™\
C':- N © s, ~9-D

R |
8. The two salts that have the@same degree of solubilitpiat 70°Care __ K NO3 ~ and_KNabOz .

9. The salt with a solubility is least affected by a change in temperature is k) OLQ , ! ,

10. The salt that has the greatest increase in solubility in the temperature range between 30°C and 50°C 1s K MO": .

11. <The number of grams-of sodit'l)r%;x\gl(t)r?te that must be added to 50 mL of water to produce a saturated solution at 50°C is
il _ |

- %c

12. A saturated solution of potassiu’x(nC Chibrate is made at 10°C by dissolving the correct mass of salt in 100 mL ff water.

(*/ “ When the solution is heated to 90°@;@@y gran.l_sxmus{ be ;521\9310 saturate the solution? ! 45 c*;
- KCIO4 @ joC= "\3

Cont
ontinue [ @ Qi = = 23

6




Chemistry: Form WS8.1.2A Solubility Curves

SOLUTIONS Page 2
Nal K C\
13. At what temperature do saturated solutions of sodium chloride and potassium chloride contain the same mass of solute

14.

15.
16.

17.

per 100 mL of water? 3. %

A saturated solution of potassmm ni’trate 1s prepared at 60°C using 200 mL of water. If the solution is coojed ic

%0 _ ol = |
how many grams will precipitate out of the solution? (X " I Hgxx = Q¢ ] 'LQq

How many more grams of ammonia can be dissolved in 100 mL of water at 10°C than at 9(§)f°SC'7 (LK 2%
1

A saturated solution of sodium nitrate 1n 100 mL of water at 40°C 1s heated to 50°C The rate of increase in solubility
(o 1O |
Thirty grams of KCl is dissolved in 100 mL of water at 45°C. The number of additional grams of KCl1 that would be

(/

LG

grams per degree is _{OD7, > alsl

- N — —— e~

needed to make the solution saturated at 80°C is Z Z % :
A0 > H2
Q J

© Evan P. Silberstein, 2003

O,

r .o.
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1. Which compound becomes /ess soluble in water as | 6. A solution contains 35 grams of KNO3 dissolved 1n
the temperature of the solution is increased? 100 srams of water at 40°C. How much maore KNO3
would have {o be added to make it a saturated

B) KCl solution? KNOS @ H0°C > @qs (Og
) \ _z
C) Na(l D) NH4(Cl B) 24g C)12g D) 4g 29

_SE
T L
2. An unsaturated aqueous solution of NH3 is at 90°C | 7. According to Reference Table G, which solution 1
in 100. grams of water. According to Reference saturated at 30°C?
Table G, how many grams of NH3 could this
unsaturated solution contain? *Lf‘gg HnAv 2 erams of KClO3 in 100 grams of water .
B) 10.g C) 15g D) 20.g B) 12 grams of KCIO3 in 200 grams of water 5%0 g H20

C) 30 grams of NaCl in 100 grams of water
3. The solubility of KCIO3(s) in water increases as the
D) 30 grams of NaCl in 200 grams of water '38/, 4 H0

@cmpcrature of the solution 1ncreases
8. A solution is formed by disselving 45 grams of NH4

Clin 100 grams of H20 at 70°C. Which statement
correctly describes this solution? ~ MHyCl @ 0C> (g

B) temperature of the solution decreases

C) pressure on the solution increases

D) pressure on the solution decieases A) NH4Cl is the solute, and the solution 15
saturated.
4. According to Reference Table G, which of these NH4Cl is the sclute, and the solution is
substances 1s most soluble at 60°C? unsaturated.
_ - C) NH4Cl is the so}¥ent, and the solution 1s
A) NaCl 583 HSS saturated. ><
C) KCIOs - S .
) Z%S 2 D) NH4Cl 1s the s%nt, and the solution 18
vasaturated.

5 According to Reference Table G, what 15 the
aporoximate difference between the amounts of
¥ CiG3 and K103 soluble in 164 grams o1 waier at s . |
4@0(3?\) 1o \3 o+ 4-1(p = L{% how inany gralj:}s of KCIGs are needed to saturate
- 3 94 100 grams of HaO at 40°C?

R ¢ 3 :

., .o s “."_ » Z i - . '! -
9. According to Reference Tehle G, approximately

~?\

s U S U S ———




Table G Practice

-
G, how many grams | 12. Base your answer to the following questmf;.on the
in 100 grams of H20 diagram below which represents the solubility

10. According to Reference Table
of NH4Cl must be dissolved

at 70°C to reach solution equilibrium? curve of salt X. The four points on the diagram
represent four soluiions ot salt X
A) S2g B) 56 g @D) 86 o :C:N!OO /
, | A 04 E ®
11. A solution contains 70 grams of NaNOs in 100 Q
grams of water at 10°C. How many additional 8 .
grams of NaNO3 are required to saturate this =
solution? G A
‘ e |19
@ B) 20 C)60 D) 170 g
.’é.
O
A 0 O Temperature® C. .
Which point represents a supersaturated solution of
salt X7

' BB CC D)D

13. How many grams of NaNO3 would have to be

added to 100. grams of water at 45°C to make a
saturated solution of this salt?

YA 10) 120. D) 130.

14. A solution contains 90 grams of a salt dissolved in

100 grams of water at 40°C. The solution could be
an unsaturated solution of

A) KC(Cl B) KNQO3

C) NaCl D) NaNQ;




CONCENTRATION

Kelers Ww@ pachcles  dissoled

Table T-
Mol ar M)
M- moles solute I soloﬁe
Lovders  seloh PPM =- X 1,000, 00¢
¥ g moles Caste ™ " jmms Qolvhon,
Fmly L (= ’0003 Solvte + solver™
Examples...

I{I ) \gllgat 1s the concentration)of a 2 2 L solution that contains 5.5 moles of
a

M - Maes M - 3.5 ~oled
L 2.

2) (What 1s the concentration pf a O. oL solution that contains 174g of NaCl
(molar mass = 58 g/mol) R —p—

gr“omnb—)mo\es M\ = "oesS
X YV\O\ eSS = | 714 Oy \__
5% 2/ wol M= 3 mo\e S m
OS U -
i to\e s

3) 0. 0043 5 Of OXygen )s dissolved inl IOOmL of H20 @

concentratlon 1n ppm'»’

20C. What is the

PPM — SO\U\"Q..

W\ 000, 000 m=_0,0043 4
% SoWwhon e PP 100. 0043 0 ¥ \,000 ,000
%
dule Hwateh



1. The molarity of an a

qucaus soluti :
defined as the 1on of NaCl is

A) grams of Na(Cl per liter of water
B) grams of Na(Cj per liter of solution

C) moles of NaCl per liter of water
oles of NaCl per liter of solution

2. Which unit can be used to express solution
- concentration?

A

J/mol B) L/mol
ol/L D) mol/s

3. A 3.0 M HCl(aq) solution contains a total of

A) 3.0 grams of HCl per liter of water

B) 3.0 grams of HCI per mole of solution
.0 moles of HC1 per liter of solution

3.0 moles of HCI per mole of water

4. at is the molarity 4f a solution of NaOH if 2

liters of the soluftion contains 4 moles of NaQOH?

A) 0.5 M €8) 2 M

C) 8 M D) 80 M

5 {What is the molarity »f a solution that contains 0.50 W M=
mole of NaOH in 0.50 liter of solution?

B) 2.0 M
C) 0.25M D) 0.50 M

A) 1.0 mole B) 2.0 moles

C) 3.0 moles ] } 6.0 moles

7,st asoluticnof 10.moles X ™M = \Ovnvacles
e T

S L

of copper (II) nitrate in 5.0 liters of solution?

A) 0.50 M

C) 5.0M D) 10. M

S. f an H2SO4 solution if 0.25
ITter of the solution contains 0.75 mole of H25047

A) 0.33 M B) 0.75 M
@ D) 6.0 M

— Ty G Pt
—r ATV

¥ M = 4 moleS
Z L

0.50 mole S
0.5 L

X noles
Z -

X M= 0.75 noles
0.25 L

. | T



A)IL B)2L () 3L @L

10. Which solution is most concentrated?

A) 0.1 mole of solute dissolved in 400 ml of
solvent

B) 0.2 mole of solute dissolved in 300 ml of
solvent

C) 0.3 mole of solute dissolved in 200 m] of
solvent

-4 mole of solute dissolved in 100 ml of
solvent

11. What 1s the total number of moles of solute N
contained in 0.50 liter of 3.0 M HCI? -

A 1.0 (BPLS ©) 30 D) 3s

12. How many total moles of KNQO3 must be dissolved -
in water to make 1.5 liters of a 2.0 M solution? 2— M - >< YWAL \

R e

A) 0.50 mol B) 2.0 mol | WS

2 L8 el

13. How many moles of solute are contained in 200

millhters of a 1 M solution? ¥ L= U \™M = X Ao\
A)1 B)02 C)08 D)200 e 2 L

14. What is the total number of moles of H2SO4

needed to prepare 5.0 liters of a 2.0 M solution of M =
H2S04?

A 25 B 50 (O 10.y) 20

15. How many moles of KNO3 are required to make

0.50 liter of a 2.0 M solution of KNO3? M = X ol
A) 1. 2.0 C) 0.50 D) 4.0 sud Lo
e ———— R e
(z0)



MOLARITY IS KOOL...

Chemists often work With aqueous solutions. In most cases a solid (the  «
solute) is dissolved in water (the solvent) to make a solution. As more solid is
added, the solution gets more concentrated. In the picture below, a solute

has been added to some water in a beaker. Draw two other pictur

show different ways to make a solution that is MORE CONCENTRATED than
the solution shown:

Solution 1 Solution 2 Solution 3

Explain how you made Solution 1 more concentrated:

Solution 2: Becm/‘*ﬁ@d - \/O[L)me O“: Loae

Solution 3: \ feﬁ%é’d - AV OOV Y lu =

always measured in liters. # moles of solute

—— -

Ybur teacher will now make three salt water solutions by

dissolving a specific amount of NaCl into water to make a specific volume of solution. Calculate the
molarity of each NaCl solution.

Solution 1 ~
Dissolve 2.00 grams of NaCl in water to make 50.00 mL of solution X Grana Farrn

# liters of solution

Mas = 5%

\L AN

[ s OS50 L
M=— W olLEe ‘ N

i -

V4

M = L0 54

,05 L

Molarity of Solution 1 =



Solution 2
. Dissolve 4.00 grams of NaCl in water to make 50.00 mL of soiution

M: Mol w080 L
L
M = . OGY
050 L moles = 79
5%
. 0049

Draw a picture that shows how
the concentration of Solution 2
is different from Solution 1.

Molarity of Solution 2 = \ ' o 8 M NaCl

Solution 3 _
Dissolve 4.00 grams of NaCl in water to make 100.00 mL of solution

_ o\ | SRS
M = =5 |
M = ——Q'('Qi moles = L}
| L
S5 Yl

Draw a picture that explains the
concentration of Solution 3.

' G)q M NaCl

Molarity of Solution 3 =



In this activity you will make three Kool-Aid solutions with different molarities. Follow

the instructions carefully and complete the data tabie as you go.
Procedure: /

1. Gather three large cups labeled A, B, and C.

2. Fill one of the cups to the top with tap water. Using a graduated cylinder, determine the volume
of the cup. NOTE: Water should be poured from the cup INTO the cylinder. Do not do this incorrectly!!!

You will be drinking these solutions and you do not want to contaminate the solutions with chemicals.

Record the volume of the cup. v=_ [0 milliliters
Convert the volume to liters. v=__ (0O liters
3. Using the data table as a guide, add the correct amount of solute to cup A, B, and C. In this

activity we are making a huge assumption that the Kool-Aid is entirely sugar, C12H2,011.
/. 1A- 12 = 1494
Determine the molar mass of C;,H,,014 , ) ) 2 g/mole ) - 22= 22

(o ) 1= f7<0
= 242
4. Now add tap water to the top of each cup. Use a popsicle stick to stir each solution.
S. Each student should get one Dixie cup. Analyze solution A by pouring some of the liquid into

each Dixie cup. Drink the solution and make observations. Repeat this procedure for solution B and
solution C. Record your observations in the data table.

. 6. CLEAN UP: Rinse out cups A, B, and C carefully with tap water. All Dixie cups should be thrown
away.

DATA TABLE: SHOW ALL WORK FOR CALCULATIONS.

Trial Mass of Calculate the MOLES of Calculate the Molarity of Observations
C12H22011 C12H22011 C12H2201; solution
(moles/liters)




Post-lab Questions
1

. Define the following vocabulary words:

YOICAL  Combwathon of 2 o ove  Svbstance
R{G1AAVS]I0\ M\Y“W = ® + A N\ O A SIO.Le i QINC +
\eQ\ Ol \S d\SSv O

5 &)S‘\’A NCE.  be\ne NI A.-
A o ConcentrAhow' Less Solufe pen volom€

/
[/ C ;
concentrated |\A high  concenpcherr; More soite pec VIreome

® f » e

2. In this lab you made solutions of different concentrations of Kool-Aid.

a. What was the solute in this lab? K \- Q[ Leed tea

b. What was the solvent in this lab? S&' &g(’

3. Mathematically compare the concentrations of Solution A and Solution C. You must show your
work. (Think: How do you compare two numbers? We’ve done this several times!)

Solution Cis times more concentrated than Solution A.

Let’s pretend that you make a fourth Kool-Aid solution by dissolving 45.0 grams of C;12H2201; in

4a.
water to make 600 mL of solution. We will call this Solution D. Calculate the molarity of Solution D.
M: ‘\2)2m0\ (O(DML-‘: (00 L
(000 L moles= “435g
342 2 /ol

@\ 52 moles

| ook at the calculated molarity value of Solution D. How does Solution D’s molarity value

b.
compare to the molarities of solutions A, B, and C that you made in the lab? Compare the solutions:
Solution D would be MORE concentrated than solution(s): (circle) @ C
Solution D would be LESS concentrated than solution(s): (circle) A B @
¥Loth 309

or ‘53-



5.- A diagram of a 1.0 M solution is shown. The dots represent the amount of solute dissolved. The %
line shows the total volume of the solution. Complete the remaining dizgrarmns.

1.0M

6a. A lab requires you to make 500.0 mL of a 3.00 M solution of NaCl. You start with solid NaCl.
Explain the steps that you would take to make this solution.

3 M = X m™oles

- L « Vot B 9 Mo
LS wolea Val WA %(‘AGMOU‘{?C\
ComTANEen
R roles - ——M . Add oot do  reaclh
=3 %) e .BD L line
T o NoCl c Dhe do  dissolve  SolH

6b. If you took the 500.0 mL of 3.00 M NacCl solution off the shelf and wanted to increase the
molarity to 6.00 M NaCl, what steps would you have to take to accomplish this task?

(_OM-—"- Xmo\ 6'%0'9(——0':';

e Add an addihiomal  §7 4
5 nolen of Nal | ‘
1’7‘4{} Dol g %0\\ oF H20 i voluowme
P s .9 L AgAn.
TRUE or FALSE? .
b. If you add more solid NaCl to the solution in 6a, the molarity will increase. Teuvue
o If you pour some of the solution that you made in 6a into a 100 mL beaker, the molarity will
increase. False
d. If you pour all of the solution that you made in 6a into a 1000 mL beaker, the molarity will
decrease. fals ©
e. If you pour all of the solution that you made in 6a into a 1000.0 mL flask and add water to the
line, the molarity will decrease. Ty €
f If you take the solution you made in 6a and pour some of it down the drain, the remaining

solution will have a lower molarity. _FA/se

(0



1.

(Y

Parts Per Million

Which type of concentration s calculated when

solute is divided by the grams ot the solution. a
multiplied by 1,000,0007

A) molarity @ parts per milion

C) percent by mass D) percent by volume

. Which unit can be used to express the concentration of &

solution?

A) Lis  B) /g @)pm D) kPa

. A 2400.-gram sample of an aqueous solution contains 0.012

gram of NH3. What is the concentration of NH3 in the
solution, expressed as parts per million?

A) 5.0 ppm B) IS ppm

O) 20. ppm D) 50. ppm

4. What is the total mass of solute in 1000. grams of a solution

having a concentration of 5 parts per million?

A) 0.005 g B) 0.05g

C) 0.5¢ . D) 5g

5. What is the concentration of O2(g), in parts per million, ina

solution that contains 0.008 gram of O2(g) dissolved in 1000.

grams of H20(1)?
,.—r-——-===:'5
A) 0.8 ppm Lo

the grams of
nd the result is




6. Base your answer to the following question on the information below

Mass ot Dissolved Oz {Ing)

in 1000. g of Water

Parts Per Million

Scientists who study aquatic ecosystems are often interested in the concentration of dissolved OXygen in water.
Oxygen, O2, has a very low solubility in water, and therefore its solubility 1s usually expressed in units of

milligrams per 1000. grams of water at 1.0 atmosphere. The graph below shows a solubility curve of oxygen in
water.

19.0

10.0

5.0

Scolubility of Oxygen ir
harer Yersiiz Temperature

NEEEREEEAEERAEE
EANEAEENEEERAEEE
TN
ENENANYEREENENEE
O N
TSN
EEEEEENENEA NN
T O SR
BN EEEEENN R
EEEE RN
AN NN RN
AN NN
AN NN
AR EEEEEENE N

NEEEEEEENERENEEE

Q 1¢). 20. ().

Temperature { C) -

An aqueous solution has 0.0070 gram of oxygen dissolved in 1000. grams of water. Calculate the dissolved oxygen
concentration of this solution in parts per million. Your response must include borh a correct numerical setup and the
calculated resulit.

7. Base your answer to the following question on the information bclow.,

Bond energy is the amount of energy required to break a chemical bond. The table below gives a formula and the
carbon-nitrogen bond energy for selected nitrogen compounds.

Selected Nitrogen Compounds

Carbon-Nitrogen
Compound Formula B°83, /En%?; gy

hydrogen cyanide 890.

isocyanic acid H—N=C=0

methanamine

615

X poww

= 000714 4

X () O09 )¢

EY 2 3
A 3.2-gram sample of air contains 0.000 74 gram of hydrogen cyanide. Determine the concentration, in parts pej

million, of the hydrogen cyanide in this sample.



Colligative Properties

/ -

. Which sample, when dissolved in 1.0 liter of water,
produces a solution with the highest boiling point?

A) L. L mole K1
C) O-1moleMgCl,

B) U-Zmole Kl

D) 0-2mole MgCl,

2. A solution consists of 0.50 mole of CaCls
dissolved in 100. grams of H20 at 25°C. Compared
to the boiling point and freezing point of 100.

grams of H20 at standard pressure, the solution at
standard pressure has

A) alower boiling point and a lower freczing
point

B) a lower boiling point and a higher freezing
point

higher boiling point and a lower freezing
point

D) a higher boiling point and a higher freezing
point

3. How do the boiling point and freezing point of a
solution of water and calcium ¢hloride at standard
pressure compare to the bosling point and freezing
point of water at standard pressure?

A) Both the freezing point and boiling point of
the solution are higher.

B) Both the freezing point and boiling point of
the solution are lower.

C) The freezing point of the solution is higher
and the boiling point of the solution is lower.

@Tbc freezing point of the solution is lower and
the boiling point of the solution is higher.

(31)

&

4. Compared to the {reezing point and boiling point
of water at 1 atmosphere, a solution of a salt and

water at | atmosphere has a
;

A) lower freezing point and a lower boiling point

@lowcr freezing point and a higher boiling
point

C) higher freezing point and a lower boiling
point

D) higher freezing point and a higher boiling
point

5. Which agueous solution of Kl {reezes at the lowest
temperature?

A) 1 mol of KI 1 500. g of watcr

mol of KI in 500. g of water

C) 1 mol of KI in 1000. g of water
D) 2 mol of Kl in 1000. g of water

6. Which solution has the lowest freezing point?

A) 10. g of Kl dissolved in 100. g of water
B) 20. g of KI dissolved in 200. g of water

30. g of KI dissolved in 100, g of water
D)

40. g of KI dissolved in 200. g of water

7. Compared to the freczing point of 1.0 M KCl(aq)
at standard pressure, the freezing point of 1.0 M
CaCl2(aq) at standard pressure is

C) the same

B) higher

8. When ethylene glycol (an antifreeze) is added to
water, the boiling point of the water

A) decreases, and the freczing point decreases
B) decrcases, and the freezing point increases
@increases, and the frcezing point decreascs

D) wncreases, and the freezing point increases



1. Solution:

Topic 7: Solutions

Recalling concept facts and definitions
1. Which must be a mixture of two or more substances?

1) Solid 2) Liquid 3) Gas
2. All res must contain
‘m 2) Sodium chloride 3) Oxygen 4) Sand

3. Asmall quantity of salt is stirred into a liter of water until it dissolves. The water in the mixture is
1) The solute 2) Dispersed material  3) A precipitate he solvent

4. The process of recovering a salt from 3 solution by evaporating the solvent is known as
1) Decomposition ) Crystallization 3} Reduction 4) Filtration

5. Inatrue solution, the dissolved particles |

1) Arg visible to the eyes 3] Are always solids
2) Will settle out on standing @annot be removed by filtration

6. Aqueous solutions are best described as a

1) Homogenous compounds 3) Heterogeneous compounds
@ Homogeneous mixtures 4) Heterogeneous mixgures

7. When sample X is passed through a filter paper and a white residue, Y, remains on the paper and a

clear liquid, Z, passes through. When Z is vaporized, another white residue remains. Sample X is
best classified as , Y

7
1} An element / @A heterogeneous mixture X N
2) Acompound 4) A homogeneous mixture -

ans

8. Anaqueous solutionof copper sulfate is poured into a filter paper cone. What passes through the

filter paper:
1} Only the solvent | @oth solvent and solute
: 2) Only the solute Neither the solvent nor solute

9. One similarity between all solutions and compounds is that both
Are always heterog&neous 3) Have definite ratio of composition
é)\ re always homogeneous 4) Are composed of two or more substances

< 2. Solute and solvents: Determining solutes and solvent of a solution
1. In an aqueous solution of potassium: L , the solu:j is KcCl

1) K+ only 2) CI- only K+Cl- 4) H,0
2. A small of LINO; is dissolved in H;0O to make a solution. In thi§ solution
émoa is the solute \ 3) H,0 Is the solute
) LINO; is the solvent 4) H,0 is the precipitate

_What happens when Kl(s) is dissolved in water? . ~
W 1 I?Fi)ons are attracted to the oxygen atoms of water¥ @H" OO
+ jons are attracted to the oxygen atoms of water
K+ ions are attracted to the hydrogen atoms of water \
4) No attractions are involved, the crystal just falls apart

4. Which diagram best illustrates the molecule-ions attractions that occur wheQaF(s) Is added to water?

-+

@\- H\ 3) /H o /H
H/O H/O O\H O\H
2) HN\_ ~H 4) _H H\_
H/O O\H O\H H/O

Copyright©2010 E3 Scholastic Publishing. All Rights Reserved.
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Base your answers to questions 2 and 3 on the information below.

A 2_.9;12:__9__1;_ aqueous solution contains a total of 3.0 moles of dissolved NH4Cl at 25°C and standard
pressure.

2. Determine the molarig of the solution.
M= 2228 M=%

3. Identify the two ions present in the solute.
S[olote ¢ NH 4 C1

. /\//“/17+ and C/°

¢ Ammonivom  and Qhlovde |

Base your answers to questions 4 through 6 on the information below.

In a laboratory, a student makes a solution by completely dissolving 80.0 grams of
KNOs(s) in 100.0 grams of hot water. The resulting solution has a temperature of 60.°C. The
room temperature in the laboratory is 22°C.

4. Describe a laboratory procedure that can be used to recover the solid solute from the aqueous
solution.

5. Classify, in terms of saturation, the type of solution made by the student.
(Saturated, insatarraed 3 KNO3 € 60T Unsaturated
fevated ) A

ov Supef‘-SA

6. Compare the boiling point of the solution at standard pressure to the boiling point of water at

standard pressure.

The bO////’)j p&/rﬂ' of +he sofuheor /1S /’)lgher‘
+h AN +h e LoAater




DULULIOIES. INCVICWY

Base your answers to questions 7 through 9 on the information below.

A soft-drink bottling plant makes a colorless, slightly acidic carbonated beverage called
soda water. During production of the beverage, CO2(g) is dissolved in water at a pressure
greater than 1 atmosphere. The bottle containing the solution is capped to maintain that pressure
above the solution. As soon as the bottle is opened, fizzing occurs due to CO2(g) being released

from the solution.
7. Explain why CO2(g) is released when a bottle of soda water 1s opened.

The pressure decreases So +he Sol bz/u‘jj
of CO; (j) NECre4sSesS

R Write the chemical name of the acid in soda water.

CA(“\Oor\ \Q_ AC \d

9. State the relationship between, the solubility of CO2(g) in water and the temperature of the aqueous

solution.

AS —‘r\F\e ‘e (Q deQ(‘QAS€S ‘\-\/\e SO\Q\Q\\\M
oL A QAS INereAses. '

Base your answers to questions 10 through 12 on the information below.

The compounds NH4Br(s) and NH3(g) are soluble in water. Solubility data for NH4Br(s) in
water are listed in the table below.

Solubility of NH4Br in H,0
Versus Temperature

1IN EREEE
_IIIIIII!P
HERERR .

Y
ad

Solubility of NH,Br in H,0

Mass of NH,Br
per 100. g of H,O

(9)

S
\_

\ |
v

.
¢

Temperature
(°C)

&
)

™
Wy A A y

Mass of NH,Br
per 100. g of H20 (g)
~d
U

. o -
s L% Ay S LA SO0 ’
v v
.
B\ 2 ‘

0 10. 20. 30. 40. 50. 60. 70. 80. 90. 100.
Temperature (°C)

10. On the grid above, plot the data from the data table. Circle and connect the points.



11. Determine the total mass of NH4Br(s) that must be dissolved in 200. s of H20 at 60.°C to
Produce a saturated solution,

Increases at standard pressure. Your response must include both NH4Br(s) and NH3(g).
AS termp. Increases e So/ub////v] of NHyBr(s)

INCreases And the Solvbility  of " MH; G)
decreases.

Base your answers to questions 13 and 14 on on the
information below.

A solution is made by completely dissolving 90.

grams of KNOj(s) in 100. grams of water in a
beaker. The temperature of this solution is

65°C.

13. Describe the effect on the solubility of KNO3(s) in
this solution when the pressure on the solution

Increases. Dresswe s no edfect o fhe

Solvbility  of Kno, ).

14. Determine the total mass of KN O3(s) that settles to

the bottom of the beaker when the original solution
1S cooled to 15°C.

" —» |5




Solutions: Review

15. Base your answer to the following question on
the information below

Scientists who study aquatic ecosystems are often interested in the concentration of
dissolved oxygen in water. Oxygen, O2, has a very low solubility in water, and therefore its
solubility is usually expressed in units of milligrams per 1000. grams of water at 1.0
atmosphere. The graph below shows a solubility curve of oxygen in water.

Solubility of Oxygen in
Water Versus Temperature

NEEEENEEEEEEEE
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0 10. 20. 30.

Temperature (°C)

in 1000. g of Water
HEEEN/AREEEEN
HEEENANEEEEEE
HEEEEREEEEEEE.

Mass of Dissolved Oz (mg)

———— ——

dissolved oxygen concentration of this solution in parts per million. Your response must include

both a correct numerical setup and the calculated result.
PP Oz = oo, w0 + 0 e fo 9ppnf
2 = 10004 H,0 + 0.0070 40, .

16. An aqueous solution contains 300. parts per million of KOH. Determine the number of grams of
KOH present in 1000. grams of this solution. .

2300 - X aMH x [00) 0N
e \ OO0 9 Solothov

{,3005 KOH|




Solutions: Review

Base your answers to questions 17 and 18 on the diagram below concerning the classification of
matter,

Classification of Matter

17. Explain, In terms of particle arrangement, why NaCl(aq) is a homogeneous mixture.

Pacthicles Are mixed ever\\cj
RAASSSINg

18. Given a mixture of sand and water, state one process that can be used to separate water from the
sand. |

[

‘e the sand fronn Mne (o atec
. E\/A’pcx‘ Are Pe oAatec—
19._Show a correct numerical setup for determining

how many liters of a 1.2 M solution can be
prepared with 0.50 mole of CéH120es.




Solutions: Review

Base your answers to questions 20 through 22 on the data table below, which shows the solubility
of a solid solute. '

Solubility Curve The Solubility of the Solute at
Various Temperatures

S I S

EEEEEEEEEEEEEEEEEEYaS Temperature | Solute per
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L ’

0 20 30 40 &0 60 70 80 90 100

Temperature (°C)

20. On the grid provided, mark an appropriate scale on the axis labeled “Solute per 100 g of H20(g).”
An appropriate scale is one that allows a trend to be seen.

i

21. According to Reference Table G, how many grams of KC103 must be dissolved in 100 grams of HZO
4® at 10°C to produce a saturated solut10n‘7

22. Based on the data table, if 15 grams of solute is dissolved in 100 grams of water at 40°C, how
many more grams of solute can be dissolved in this solution to make it saturated at 40°C?

‘—\O'Q"”ZL{j 24 —15 = 99




Molarity

Molarity is a way of calculating the concentration of a solution. Imagine you
make two galsses of lemonade from a canister of powdered mix. If you add one

Scoop of mix to glass #1 and 3 scoops of mix into glass #2, you would describe

glass #2 as being stronger. This means it has a higher concentration.

Concentration: The amount of particles dissolved in a given volume of solution.

Molarity uses moles as the quantity of particles and liters as the volume of
solution.

Table T: Molarity (M) = moles
Liters of solution (L)

Find the molarity of the following solutions:

1) 0.50 moles of sodium chloride is dissolved to make 0.75 liters of solution.

M = moles/L 2 XM=05moles/0.75L
& X = ..(Q l M \
2) 175 moles of sodium chloride is dissolved to make 0.075 liters of solution.

X M = 1779 mole S ’
- ‘2 333 MI
) 015 L '

3) 2.5 moles of sodium chloride is dissolved to make 1.5 @L of solution.

2.5 moles
X M =
0015 Lo

This work is licensed under a Creative Commons Attribution - NonCommercial 4.0 International License.
More chemistry tutonials and praclice can be found at www.chemfiesta.com.




Chetistry: Form WS8.2.2A Molarity

SOLUTIONS
Page Z

5

Answer the questions below based on the reading and the sample problems on the previous page.

1. Determine th§ molarity of 500. mL of a solution with 6.@5& is the molari& 2>f 300 mL of a solution that
0.35 mol of dissolved solute. contains 0.60 mol of dissolved ammonia?

:o35mo' | . _,\mo\
ST S oco’z)t. &

2. A200: mL sample; of a solution contains 4.0.g of NaOH. 7. What is the molarity of 5.0 L of a solution containing
What 1s its molarity? 200. g of dissolved CaCO,?

[f 0 X M_ /m()' )(molc gwa
X maoes = 2L 100y
HO 4 5 M a ol
> I m0'e§
3. How many grams of KNO, are needed to prepare 25 mL orams pf NaCl are needed to prepare 500.
of a 2.0 M solution? mL of a 0.400 M solution?
2 M=X 05 = .7 M = ¢ Lol = 5)53
\ f 025 lO & 5 - 3
4 05wl o 2 moles
4. How many moles of MgSO, are contained in 50. mL of How many moles pf solute are contained in 3.0 L of a
a 3.0 M solution? 1.5 M solution? —
oo . _ X
M= X 1S ol 1S M
,05 L 0 )

5 f CaCl, are dissolved in 80.0 mL of || 10. What is the molarity of 750 mL of a solution that
"20.75 M solufion? contains 40.0 g of dissolved CuSO,?

' _ .l5mol _ HO
. ,—IS M: 'O);O 5 odOMC)lé’S >< M - 'r-lSO | X ol = —EC%‘

s pralitim 209 @:{ oS mol
‘ HO<3 '

© Evan P. Silberstein, 2003
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Topic 7: Solutions

.. - . -
1. Degree of solubility — Using the Solubility Curve Table G: Determine which solute iIs motset d(
least) soluble, ditute, or concentra

e
¥

1. According to Table G, which of these substances is most soluble at 60:C? gCl— S G
1) NaCl -3%5, - - 2)KCI-—‘-\53 : 3)KCIO; —2 1 94 @ * )

ion | ater
2. A saturated solution of which compound will be the least concentrated solution in 100 8 of w

2) NaCl . 3) KCIO; 4) NH,Cl
O
3. Based on Reference Table G, which of these substances is least soluble at 50°C? —
& 2) NH; 3) NaCl ) NaNO3
4. Which of these saturated solutiop is the most dilute at 20°C? ' |
5. Pl ich saturated salt solution is most concentrated at 60°C? -
2 YiaNOs(aa) 2) KCIOs (aq 3) KNOX (aq) 4)KCl (a0) :

12. The solubility Curve Table G: Miscellaneous questions ‘
1. According to Reference Table G, which solution at equilibrium contains 50 grams of solute per100 -

grams of H,0 at 75°C? |
1) An unsaturated solution of KCl saturated solution of KClI
A saturated solution of KCIO3

2) An unsaturated solution of KCIO;

2. Based on Reference Table G, which salt solution could contain 40 grams of solute per 100 grams of

water at 40°C?
1) A satdrated solution of KCIO; 3) An Unsaturated solution of NaCl
2) A satiyated solution of HCI @c\n unsaturated solution of NH,ClI
NO
3. Asolution contains 100 grams of a nitra?é salt dissolved in 100 grams of water at 50°C. The solution
could be a
1) Supers\{urated solution of NaNO3 upersaturated solution of KNO3
2) SatLh‘{ted solution of NaNO3 Saturated solution of KNO;,

4. A solution is formed by dissolving 45 grams of NH,;Cl in 100 grams of H,0 at 70°C. Which statement
correctly describes this solution? " ~

1) NH,Cl is the solute, and the solution is saturated
NH.Cl is the solute, and the solution in unsaturated

3) "NH,Cl is the solyent, and the solution is saturated

4) NH4Clis the sol\ent, and the solution is unsaturated

5. According to Reference Table G, which is the best description of a system prepared by dissolving 30
grams of NHs(g) in 100 grams of water at 20°C?.

N A saturated solution of NH, with no excess NH;(g)
2X. A saturated solution of NH; in contact with excess NH;(g)

@An unsaturated solution of NH; with no excess NHx{(g)
An unsaturated solution of NH; in contact with excess NH;(g)

Jse lable

6. A student adds solid KCl to water in a flask. The flask |s Qseavlec‘i Wfth a stopper and thoroughly shaken

untilno more solid KCl dissolves. Some KCl is still visible in the flask. The s%lution in the flask is
Saturated and is at equilibrium with the solid KClI |

Saturated and is not at equilibrium with the solid KCI
3) Unsaturated and is at equilibrium with the solid KCl
4) Unsaturated and is not at equilibrium with the solid KCl
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Topic 7: Solutions I

. i mini is needed
8. Saturated solution — Using the solubility curves: Determining how much more salt
to form a saturated solution

- ' ount of
1. A solution contains 14 grams of KCl in 100 grams of water at 40°C. What is the maximum am

KC| that must be added to make this a saturated solution? 37 -14="e4

1) l4g 2)20¢g 4) 54 8
9. How many more grams of KNO3 must be added to a solution containing 90 g of the solute in 1008
of water at 60°C? 100 - A0 = = G

1) 10g 3)30g 4)105 g

0
3 An unsaturated solution of NaNOs; contains 70 grams of NaNOs dissolved in 109 g?q’f‘w_'a‘}sr 2 %_Q_' C.

How many more grams of NaNOj3 are needed to make this a saturated solution:

1) 70g 2)95 g - 3)30g - )18g

0 K 4 A saturated.solution of HCl is to be prepared. How many more grams of HCl are needed in a solution

’/ . o ) ?

ﬁ (0O contzii@ grams of the solute in 200 grams of water at 20§C to make this a saturated solution:
44 g

2)72¢ 3)144 g 4) 100 g

200 grams of H,0 at 60°C to produce a saturated solution? YO _ X

in _
G5 2) 160 g 3)1008 Jo> 100 4)120¢g
S “

student dissolved only 40 grams of NaCl in 80 grams of water that is at 90°C. To make this a

72-50= 2L ¥t 5 Wunt of potassium chloride must be added to a solution made by dissolving 80 g of the
SO

saturated solution, the student must add to the solution ) —_
10 grams of NaCl 3)10gof H2
2)\ .20 grams of NaCl i—f_(l £ 50‘3 4) 20 g of H.0

o - oD
7. A student found a potassium iodide solution that was prepared by dissolving 120 grams of the salt in

100 g.0of water at 10°C. To make a saturated solution of this substance, the student must add
15 grams of potassium iodide 3) 20 g of potassium iodide

2) 15 grams of water - 4)20g of water

9. Saturated solution — Using the Solubility Curve Table: Determine the amount of solute

. -~ i\ , . - - = P, ‘

134 | 1. Asaturated solution of KNO; is prepared with 100 grams of water at 70°C. According to Reference

- 3Y Table G, what amount of KNO; will precipitate if the solution is cooled to 50°C ?
O 1) 21¢ o?wwm 3)135¢g 4) 20 8

2 One hundred grams of water is saturated with NH,Cl at 50°C. If the tem%}?ture of the solution is

decreased to 10°C, what amount of lute will precipitate? 3) 24 / 33 =
1) 5¢g 2)17¢ 3)30g 4)50 g

3. When the temperature of a saturated solution of KClO; that is made with 100 g of H,0 is cooled from
25° C to 10°C, some salt crystals reformed at the bottom of the beaker. How many grams of the

KCIO salt.is at the bottom of the beaker? 1O =S =
D 2)10g 3)15¢ 2)20¢

4. Atest tube contains a saturated solution of KNO; that was prepared with 100 grams of H,0 at 60°C.
If the test tube is cooled to 30°C, what will be found at the bittom of the test tube?

O
b,
Q
©
|
©
=
(C
O
=]
e
L
o
o)
q-
=
o0
Q.
-
-
o
QO
>~
e,

1) 30grams of KNO; 0 ~ 4712 g9 7 g of KNO;

5. A test tube containing a saturated solution is cooled from 30°C to 10°C. If the test tube '
saturated solution of sodium nitrate made with 100 g of water, what will be found at tﬁg ?)t:t'?grg of

the test tube? ) )
1) 15 grams of water Qo ~ B0 = [0

2) 20 grams of water

Need Help? Stu

@5 grams of sodium nitrate
4) 20 grams of sodium nitrate
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Unit V.8 Worksheet (

_Topic: Table G Solubility Curves

Solubility Curves

Use the Solubility Curves Table G to answer questions 1-15.
For questions 1-4: Tell how many grams of each solute must be added to 100 grams of water to

form a saturated solution.

2. KCIO; at 30°C _| 2_% B

4. KCl at 70°C :1 & i

_8: Use the term unsaturated, saturated or supersaturated to describe the solution

1. NaNO3 at 10°C 80_%*

3. NH.Clat60°C_S M\ f’f—

For questions 5

s 130gKlat 10°C_UN. 6. 45g NaCl at40°C Supec - C

7. 10g NHj at 90°C_SAY. 8. 110g NaNO; a1 50°C U

9. The amount of solute needed to make a saturated solution of NaCl in 50g of water at 100°C

is 1O . 4o X ~
3 joo -~ S50

For questions 5-8: Fill in the blank
2 a1

10. Which saturated solution is more concentrated at 70°C. KC1O; or NH4C1? N\*\LLQ \_

leash SO‘Ub\.e

11. At 10°C which salt would form the most dif\?te solution? XC10

12. What mass of SOz would be needed to form a saturated solution in 200g of water at 50°C 2 % = 22(3:

o di — A — W -— e — - - — e mm— 0 — - o —— . ———— ——— ——— — e — - ——-—-
— b - ——— -
- - - .- - — ——

13, The temperature at which 110g KNOj will dissolve in 100g of water is (oa'C .

(02 59
’ 14. If a saturated solution of NH.C] at 70°C is cooled 1o 50°C how much of the salt will

crystallize out? MQIAQ{ lOcs

15. Equal masses of three different solutes will dissolve equal masses of water at one particular
) temperature. What are the three solutes and what is the temperature? | K

r o _NWs Xl Na®l , _30-%8T



