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Unit 8: Moles and Solutions

Name:

KEY

Learning Targets

__ 1. I CAN report my answer to a calculation in the correct number of significant digits *review
2. 1CAN write a given value in scientific notation *review
3. I CAN define the mole and describe it’s use in chemistry
4. I CAN solve a problem using dimensional analysis (multi-step conversions) *review
5. I CAN calculate the molar mass (formula weight) of a compound
6. TCAN describe a hydrate and calculate its molar mass
7. TCAN convert in between mass, moles, and atoms/molecules.
8. I CAN calculate the percent composition of an element in a compound
9. I CAN use data collected in lab to determine the empirical formula for a compound
10.

I CAN use data collected in lab to determine the molecular formula for a compound

11.

I CAN describe the components of a solution (solute, solvent)

G 12,

I CAN describe the solubility of a compound in water using a saturation curve (unsaturated, saturated, or
supersaturated)

13. I CAN calculate the concentration of a solution (moles and mass of solute, volume of solvent, molarity)
14. I CAN calculate the amount of water needed to dilute a solution
Chemistry Important Dates!
Monday Tuesday Wednesday Thursday Friday Saturday Sunday
March 27 28 29 30 31 1 2
3 4 5 6 7 8 9
10 11 12 13 14 15 16




Notes on What is a Mole?

Inquiry into “The Mole”

Purpose/Objective

Understand the relationship between the mass of an

element and the number of particles (the mole).

Beaker 1
55.8 g of iron

1 mole 6f iron |

_-6.02 x 102 atoms of iron

111.6 g of iron

. t@oié of iron

-12.04 X 10 atoms of iron

Beaker 3 .

112 g of cadmium

, 1 mole of cadmium o
6.02 x 10® atoms of cadmium




Use “The Model” on the previous page to answer the following questions:

1. Which beaker (1 or 2) has more atoms of iron? BE€AKEr 2

L N

How many grams of iron are in

Beaker 1?7 55.8 9
Beaker2? 1\l. LQ
3. How many moles of iron are in:
Beaker 12__| mol€
Beaker2? _2 mol€
4, How many atoms of iron are in
Beaker 17 .02 x1023 g toms
Beaker2? 12.04 X 1022 g+oms

Exploring the Model
5. Write an equality statement between grams of iron and moles of iron in Beaker 1. 56 . § 9 = Imoie
Write an equality statement between grams of iron and moles of iron in Beaker2. I11. g = 2mol€

Is there a relationship between the equality for Beaker 1 and Beaker 2? Y€S, Beaker 2 is +vwice Hhe
amoun+t of Beaker |.
6. Write the equality between grams of cadmium and moles of cadmium.

2 q Imoi€
‘ 7. Write the equalities above (problems 5 and 6) as conversion factors.

35.39 Imole 129 Imole
Yroiic Tmoie or 55-99 Cadmium: ar

jmoie J12- 9
8. Compare this information for each element above to the information on the periodic table. s there a relationship
between the information given and your answers to number 77

e average a+omic mass is the mass of I moie gf aqn element.

Evaluate Your Understanding
9. If you are given a mole of atoms of each of the following, what would the mass (grams) be?
. Cabon 12.01 g /mol \
b. Potassium 39./0 9 /mol
“his 1S I'Z. ol

. Chlori ! ol e
c orine 35.465 g/m can,e ‘ar,’f-\ 6

“mo 23 =
10. So, how many particles (atoms/molecules/bicycles, etc) in one mole? _ .02 x 10 par heles = I mole




Exercising Your Knowledge _ ! <
L1. Different elements, their masses and numbers of particles and moles are listed below. Complete the table with the
missing information for each element. DO NOT USE A CALCULATOR.

Element Mass of Sample 1: ;,:;:r of Particles in :::;zr of Moles in e
Magnesium 24 .3 grams 6.02 x 102 atoms 1.00 moles
Arsenie 150, grams 1,204 x 102Matoms | 2.00 moies
sodium 23.0 grams 6.02 x 10** atoms 1.00 moles
Hihium oigranis 1.204 x102% afoms | 2.00 mol€S
Barium 34.3 grams 1.505 x 1022 atomS 0.25 moles
Boron 5.40 grams 3.01 x 10* atoms 0.50 moles
Silicon 562 grarus 1204 x1024 atoms | 2.00 moles
NEeon 40.4 grams 1.204 x 10?* atoms | 2.00 moles
dine 31.7 grams 1.505 x 1023 afoms | 025 moles
MErcury 100. grams 13.00 x102% atoms 0.50 moles

12. If you have two different samples, the first with an actual mass of 100.0 g of silver and the second with an actual
mass of 100.0 g of gold, which sample has more atoms (or are they the same)? Explain your answer.
Hint: Set up conversion factors for each substance.

100.0g Ag x ©02X10%anms 2 | mgje 100.0g Au x b-02xI0¥atgms & O-5male
101.919 Ag 196.97 9 A .

SIIYer has more atoms because i+ has a smalrer molar mass Hhan gold. .
13. You have half a mole of M & M’s, how many M & M’s do you have?

3.01 X 1022 M O6MS
14. If you have 3.01 x 10® apples, how many moles of apples do you have?

0.50 mol Apples

Summarizing Your Thoughts
15. Based on what you thought in question 12, explain why it is difficult to compare chemical quantities using only

the mass of samples. EVEry €l€ment has a differer+ amount of protons and

neutrons whith resui+s in a di Herent molar mass. Tey canno+ be

compared mMass — only be +he amount of odoms present (mole).
16. Consid«:,;.'7 the numt?ef of hydrogen atom! needed for a mass of 1 gram. How wou!dﬁhat compare to the am%unt of

jelly beans you needed to have a mass of 1 gram?

Hydro atoms are teeny xiny! You would need .02x1022 g+oms +o
mzuce g;egram, versus only o few jely beans.

17. What do you think might be the benefit of working in terms of moles when using chemicals?
you €an compare amounts of atoms without dealing wirh masses .

18. Complete the following:
a. For any element, one mole is equal toits __ yNQlAF mASS  which can be found on the periodic

table. .

b. One mole = (p.02 5|Qza particles




Notes on Molar Mass

¢

.olar Mass (Formula Weight) Calculations

Directions: Determine the Molar Mass (the mass of one mole) of each of the compounds below.

Formula Molar Mass

1. KMnOs 39.10 + 54.94 + 1L (4) = Ltss.oq Y/ moa |
2. KClI 29.10 + 35.45 = J”'sm
3. Na:SOs 72.99(2) + 3201 + lo(1) = | 142.05Fmp
4. Ca(NOs) 40.08 + 14.01(2) + (w(L) = |1V J/me)

5. Al(SOs)s 20.98 (2) + 32.01(3) + 1L(12)= +03/mol N
6. (NHi);POq 14.01 (3) + 1.01(8)+ 30.97 + Iu(l-l)=UL+5.OSj/rm
7. HiCOs 1.0 (2) + 12.01 + 16(3)= \©2.033/mol
‘ 8. Mg(POs): 24.31(3) + 30.97(2) + 1(8) = [ 202.759/mo |
\ 9. FexSOns 55.35 (2) + 32.01(3) + jwl9) = | 335.91 9y
]

L



Notes on Hydrates

Hydrates Molar Mass Practice | water maoiecuie = 13.02 9/mol
1. Zny(POu)r4H:0 ©5.39(2) + 30.97(2) + lw(8) + H4(18.02) =
1495%.19 9/mo
_@Zn(CHz(ZOO)z-ZH:O 105.29 * 12.01 (1) + 1.01(w) + lo®M) + 2(18.02) =
1219.5% Ymol]
3. HgCnO; 200.5a(2) + 52.00(2) + lw(7) =
011,18 3/mo
@Ba(ClOs)z 131.33 + 35.45(2) + 1w(L) =
| 304.23 Imol|
5. CuSO4-5H0 63.55 + 32.07 + 1b(4) + 5(18.02) =
1249.12 Imol
N}LCzHaOz 14.01 + 1.01 (%) + 12.01(2) + ).01(3) + Jb(2)=
17.10 3/mo))

What is a Hydrate? _
Ams:ah (cionfc compound) +ha+ Is Siored with waier moiecules

QHached toit for storage purposes, Qs i+ Qbsorbs water from e
atmosphere .
Draw a representation of CuSO4*5H20

& @ o
Cu SOy @ |
5




: ¥
Mole Road: One-Step Conversions . &Qﬂgﬁ:—w »
Directions: Set up all problems using dimensional analysis (conversion factors).
1. How many moles is each of the following? _ : c
a. 481X 10*atomsof Li Imol€ L % 71.99 mol L

.02 x 10*® atoms L)
b. 2.408 x 10* atoms of aluminum imole Al
X —

= | 4.000 mol Al

©-02x10*> qroms A
¢.  4.816x 10* atoms of hydrogen

x LMol A = 003000 mot H |
d. 6.02x 102 molecules B .02 x1022 atoms H
. 6.02x molecules Br; < Imdie Br,

0-02x10%> mc Bra |0.100_mol BI2)

X Imole NH32
©.02x1023mc NH3

e. 1.5x 10% molecules NH;

0.25 mol NHgz

2. How many atoms are in each of the following? S

a. 4.2 moles of manganese x (.D.O’ZXI{)zsmsMn = LQ,S x!(]f‘""l atoms M \

| mole Mn
b. 7.5 moles of iodine x U-02X 1023 atpms T . ¥\ (24 I
e |4.5 x 1024 odoms
3. How many moles is each of the following?
a. 13.95 grams of phosphorous x _ NN01€ P = 0.4504% mo| P
30919 ° L .
b.  2dgamsofBnx _IMole Brz
159.59 Bra 0.1% mot Bry
c. 68.95gofgold x | Mole AU _ {7 1
196.919 Au \0.3560 mol Au
d. 160 g of copper x I MOl CU - '25 Mo |
oo i L 2. ol cu
e. 25.6gofsulfur x IMmole S _ 0.798 mol S}
31.019 S

4. What is the mass (in grams) of:
a. 1.2 mol of iron? x 55-85 9 ke o 1 9 Fe]
Imole Fe -

b. 2.5 moles of platinum X !:15.(')2 Pt = I ‘-HOE P"'[
moje h

c. 0.3 moles of bromine x 79.90 g BY _
I mole 8r 120 8.0r

d. 2.408 x 10” atoms of oxygen? I 0': 0 X IU-UBQO -
©.02X10*%3pms0 I male O




1ole Road: One-Step and Two-Step Conversions

Directions: Set up all problems using dimensional analysis (conversion factors). NO WORK = NO CREDIT!

. 1. Find the number of atoms in:

a. 402 grams of mercury x | M0I€ HQ (0-02 % 10 230 foms Hg _ lLQ\ X\ana\' Ng

200.599 H9 Imole HY
b. 204 grams of magnesium x _| M 0| Mg X u.azxw”ammﬂg T 5-053‘\0140.'13- %
24.319 Mg | mol Mg
2. Determine the number of moles in each of {:he quantities below
a. 25gNaCl | mole NaCl _
53. % g NaC) 10.432 mg\ NaC)
b. 125g0ofH:SOs x 1MOL H2804d 1.27 Mol H2S04

93.099 H,504

e

100.gof KMnOs x | MOl KMNOy = EO‘ 23 Mol KMnoy

158.04 3K—Mﬂ0!—}

d. TagofkCl y 1Mol KCl | (37aq mot KC\
14559kl ‘0'

. e. 35g0of CuSOrSH0 x | MOl CUSO4 SH20 - oy Cu804-5H20J

249.72 9 CuSoy SH20

3. Determine the number of grams in each of the quantities below.

a.. 32x 10% formula units CuSO«SH0 x IM0l CuS0y "5H20 249.129 (uS0y " SHp0 - 1309

(002X 1022 FuN S0y $H20 "

1Mol CuSOy 5H20 | cusoy
5H,0

b. 2.81x 102 molecules of H;80, x _| MOl H2304 ~ 98.09 g H,80y
(5-02%10% mc H2S04 Imol H2S0y4 1389 “7-80"“

c. 1.70 x 10?2 formula units of KMnOs x | mol KMnQy x 153.049 kMng
ut : g -

.02 % 10* FunKMnOy | mal KMNOy ‘H:NL:\%“‘

d. 3.85x 10 formula units of KC1 x _| MOl K Cl « 14-55 9 KO

L.02x 1022 N KCI I mol

ki~ |41 19 KCL

e. 1.461x10%atomsofMn x | Mol Mn x 24049 mn =‘\3 33awm &
. n

(.02 X 10?>afoms Mn Imol ™Mn




,@6\'
ice! o
¥ Not+ Required - Extra Practice: X o

Mole Practice! ) -
ysis (conversion factors). NO WORK =NO CRE
«c @

Directions: Set up all problems using dimensional anal

1. Calculate the formula weights or Molar Masses of the following:
a. HsPO, 93%.00 3/mo|

b. KaCuHiOs [220. 23 3/m o))
e (NH):PO4 (14912 I fmol |

d. CuSOs - SH.0 |7_33,-;7_ Timﬂ!\

2. How many moles are contained in: SHOW ALL OF YOUR WORK!
a. 15.565AhO0s 5 Imole A03 . TG 152Gmol| & S008H0:x ‘_’I‘_E'_ﬂ.?-_% s \.O-ng&:o"
101.969 Al,03 \ M203 F-0EgH2"2

b. 4.40x10°gCOx y IMOI CO2 _ (7570 X107 ww| © 2.45gH3P04xM 1\0.0255ml|
4019 (U2 \ €02 _ q3.009H3P0u | HgPOY |

c. 95.4g CHs w Imol C?-HW_=.‘ 2.11mol | g 125gFe0s Imol Fe203 =|g, gp783mo
30.089 C2Hu CzHo 159.71 gFe203 Fela

d. 245gHS0, y Mol S04 =|0.0290M0}| 1 475gF, 4 MOl F2_ _TT.26mal
98.0a9H2504 H 804 38.009 F2 |

3. How many grams are contained in: SHOW ALL OF YOUR WORK!
a. 0258 moles ALO; x M1 AVAM205 . T70.34
I mol Al203 A03 f. 2.45 moles H,COs x UQ.O?H W2(03 - ISQ-S

\mdl B2C08  |H2003

I mot Co,03

b.4.40x 102 moles SO2 y 4+.07q SO :} ) 323
I'Mo1 S0z so; l g. 1.25 moles Co:0; ¥ |05 30400203 707
Co20;

¢. 95.4 moles CsHs x Lt} . || q (C3Hg - 49509
I Mol CaHs C3H8 i. 50 moles HiPO4 y QS-OGqHaPOt& = L},QGOﬂ
H3P0y

I mol HzPOy

d. 0.245 moles H:804 x 98.04q HzS80y . 2409
Imot H2804  i,504 j- 29 moles K:CeHiOs X 220028 G Kaluthy . -
L0\ Eo¢yHY Ou

1200 g K2CyHyy|
e. 0.800 moles CaSO« x 130,15 q €CQSOy 1099 (k.56 moles(N}L)gP04xi"§4.12q{NH.Da?o -
Imot CaSos [CasSOy Imol (KHu)s Ry
84009 (NH P04




VEN Mole Practice! 7\{ N(H' r‘e%UI fed EX"T@ PFGC‘hCe' %

Directions: Set up all problems using dimensional analysis (conversion factors). NO WORK = NO CREDIT!

'.Whamtﬁe_m_t&wnmn_. |

a. H \Q 02 9/mol d. NHiCI L5'5-'50 9/mﬂ
b. Mg(OH):(58.33 I/mol| e. CusO, | 159.L2 9Imol|
c. C0O:[H4.01 9/mol) £ ANOs[jua. 88 I/mol|

2. Convert each of the following:
a. How many moles is 12.5 g of magnesium hydroxide?

12.5 9 Mg (0H), x I mol Mg(0H)z _ ).
53,355 g (s {0. 214 mor ™qg (01W) 5\

b. How many moles is 1.46 g of hydrogen gas (H)?

49 Hyx Imo Ha o3 Ra|
2.029H2

¢. How many grams are in 4.3 moles of ammonium chloride?

4.3 mgl NHycl x 53.50 9 NH4Cl &
I Mol NHyCl 12309 NHyCl)

d. How many molecules are in 2.0 moles of hydrogen gas (Hz)?
2.0 mol Hyx W.02x 1023 me Hz _ [12x16%%me W
| mol Ha 7'_\.

. e. How many moles is 2.0 x 10% molecules of silver nitrate?

.0 x 1025 mol AgN ;
2 0%°mc AgNO3 x b.:)“w, AQNG3 - 33 mol AQNO3

f. How many atoms of oxygen are in 2.4 X 10% molecules of copper(Il) sulfate?

2.4 x10%%mc CuSoy x _datoms 0 38
| I mc CuSou 610> atams 0]

g. How many molecules are in 96 g of carbon dioxide?

quag COz x LMol €0z , 0021023 mc 00, _ - e
4 L414.01 § (02 1 mol 0z LS 10° e 0y

h. How many oxygen atoms are in 96 g of CO,? "
x Imol €02 , .02x10%°>mc 02 , 2 atoms O _ ——'ﬂj
09 o ‘1‘4013602* | mal CO2 X ) mc (02 B wx10 ok ©
i. How many grams would 1.0 x 10* molecules of copper (II) sulfate weigh?
1.0X 1025 mc CuS0y x Imol cusoy x 159.02 g (uS04
W-02x 1023 mc CUSOY 1 moi cuSou
How much does each individual molecule of copper (II) sulfate weigh?

I mc CuSoy x _! Mol cusoy 169- 029 (uSOY T %10
~— : - O60
.02 ¥ 10*°mc (USOH | mo) CuSou - ﬂ

-ﬁm g QuSoy




Notes on Empirical and Molecular Formulas

Empirical and Molecular Formula Practice: SHOW ALL OF YOUR WORK! 6\
. Fi irical la of the followi its
1. Find the empirical formula of the following compound from|1u.;::gegt iorr;;;%s(;tllog _ 1.33mal C i
- 52.8% Sn, 12.4% Fe, 16.0% C and 18.8% N i2.0lg C 0.222mot
= 4. SN .
52.39 Sn x I:?Tt)li ?:1 = ?) g:?ﬁ:: — = 2.8n 13.3gNx Mol N - 1.34moIN - (N
3 I*+.019N 0.22Z2 mo!
12.49 Fex _imol Fe = 0.222molfe g Eormula: Snz Fe Cu“ﬂ

55.959 fe  0.222m9l

, empincal formuio
2 Determine the molecular formula of the following compound.

54.5%C. 13.6% Hand 31.8% N; MolarMass=88g ~ Empincat Formuia= CaHuN D
|

514.54C « LMoL L . 4 .54 mol C =2¢C molar mass = 44.09 9/mo
3 12.019 C 2.27 mol EFmass 839 =9 ¥ mulhl;gpl\{QSllijQ"ip-tb
MFmass 449 ' =
12.Lg H x Imol H . i3.41moiH _ yy I P Ty SO (o
1-0lg H 2.271mMol
31.3g Nx Imoo N _ 2.21ma N =|N molecular Formulo.
2.27Tmol
3. How L;-g:'t?l,egen':)irical and molem{l\:r formulas of a compound related? @

The empirical £0rmuia is fhe 1owest whele Nnumber ratio of atoms
o+ make up o compound.

TisS iS relared 10 & motewniar formula by molar mass ; the
molecuiar furmuld will alvways be & multiple of the molar massS of ' ,
e emoincal formuia .

b i St s g A R i e = Py A

la ol ]



The Strange Case of Mole Airlines Flight 1023

cene of the Crash . ;
6:02 a.m. you and your team of medical examiners are called to the scene of a plane crqsh. You ﬁ_nd evidence of a pre-
wash explosion. At the site of the explosion a material has been found. Subsequent chemical analysis of the material
shows it was:

C 37.01% H 222% N 18.5% 0 4227%

The mangled passengers are found in and around the crash, They must be identified by the substances found in their
belongings or in their bodies, since they are not recognizable and their dental records are not available. Upon fl.lrthe_r
investigation one passenger was suspected of having been murdered before the crash - the time of death was approximated
at one hour prior to the crash.

Your Job:

1) Use the percent composition data in Table 3 to determine formulas for the compounds found with or in the
passengers. Do the work on a separate paper and record the empirical formula in the column to the right on table
3. Make sure to show all of your work as it is your work that will be graded. Match these formulas with the
identity of each compound listed in Table 1. Be certain to use the number of significant figures in the analysis to
determine the number of significant figures you need to use from the periodic table. For example: If four
significant figures are given in the data, use four significant figures from the periodic table.
2)  Use the personal data in Table 2 to make a probable identification of each passenger.
< Record the identifications on the Victim Identification Form.
< Include the evidence that supports your identification. The solution to the mystery is the one that the
evidence points to by logical deduction.
< Determine who was murdered.
< Determine who is most likely to have committed the murder.
K. < Determine the identity of the substance that was found at the site of the explosion.

Table 1: Possible Compounds Table 2: Personal Data
Identity Formula Notes Passengers & Crew | Notes
Codeine CisH2NOs; | Pain killer, prescription Redd D. Tocroak Has a heart condition
controlled Polly Pillcounter | Pharmacist
Cocaine Ci7HaiNOs | Narcotic, illegal Hoagie Bunn Baker
Aspirin CoHgO4 Pain killer Archie Givengrades |Teacher, addicted to sugar free
Aspartame Ci1sHi1sN>Os | Artificial sweetener drinks
Nanilla CoH:D; Flavoring Threwit Allaway Professional athlete, just
Trinitrotoluene [C;HsN3Os | Explosive (TNT-dynamite) : suspended for drug violations
Nitroglycerine |CsHsN2Os Explosive, heart modication Ivy Isa Nissue Environmental engineer, severely
Curare CsoHasNsO | Poison depressed
Thiobromine | C;HsN4O2 Chocolate (flavoring) selle Ubye Suspected drug dealer
: _ Norm Anderson Suspected leader of a terrorist
Strychnine C21H»»N>O, | Rat poison organization
Dimetacrine CioHpsN* Prescription drug,
antidepressant
Acetaminophen [ CsHyNO, Pain killer (Tylenol)

*the empirical formula rather than the actual formula is
used.

N

19



Table 3: Percent Composition Data of the Compounds Foun

d in or with the Passengers’ Bodies

72.15

7.08

4.68

16.03

Pockets (2000
tablets

15.87 2.2

C d Analysis (%) e | <
ompound Analysis (% - d Substanc
Passenger Location Empirical Formula a8 = ' ‘
C H N 0
1 6731 698  |462  [21.10 |Blood Ciqh Hau N Oy
5 |6315 (530 |- 31.55 | Face Ce HsOs
5 |4666 |4.48 31.1 17.76  |Stomach C, Hs Ny 0,

9.39

2.68

B

Pockets

18.15 63.41 Blood and
4 Pockets CaHs Ng Oq
75.42 6.63 8.38 9.57 Blood
5 Cy Y22 N20,
37.01 2.22 18.5 42.27 Pockets
= C, Hg N3Oy
_ﬁ
57.14 6.16 9.52 27.18 Pockets ‘
6 L Y Hig N2 05

8E19 [15]
’ Cuo Py Ny0
~ 81.58 |8.90 9.52 - Pockets C . Hla N
60.00 |4.48 = 35.53  |Pocket
8 Cq Hg Oy
8 63.56 |6.00 9.27 21.17 | Pocket C " K q NO %

15



Notes on Parts of Solutions and Solubility

Solubility Graph Practice

1. What are the two axis of the graph? 150 o
X = temperature ‘ ‘ - ;;b ///
Y = grams of Sqlute dissoived iN K0 7 g
130
2. The curve represents what? L / '\
SOlUubility of Q Substance 120 " // /
(SaFuranion 1nNe) - 7
3. Any amount of solute below the line indicates what g 100 V /
type of solution? ° ?;" // s /
w90 - 2. 3
unsa+turated 22 s\ |~
: E -
4. Any amount of solute above the line represents what g 5 70 » A
type of solution? = \.& / g
60 N i
Supersatura yed =0 3 f/ W
5. Solutes whose curves move upward are ‘indicating that a0 . el Lcl /
solubility INNT€ASES as temperature jNCrEASeS . o= _L_.d—-ﬂ;\\ » 7
/ =Y -y
20 ><‘ ‘Lo. ~]
6. Solutes whose curves move downward' indicate that 10 =T cexs0,), —
solubilityd£Creases as temperature iNCY€As€sS . = o0,

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

lubility Problems to solve -
gf) uAtl ;tOX’C, how many grams ofNaNO;3 will dissolve in 100 mL of water? (0 gram S

8. What temperature would be required to completely dissolve 100 grams of Sodium Nitrate? 35 °C .

9. If 30 grams of Sodium Chloride dissolved in 100 grams of water at 30 degrees, what type of solution would it be?
unsaturated 15

=




'm,mbilit_\‘ Practice

i

Which of the salts sh

_ own
. 15 the least soluble ip on the graph

~

—

3.

4,

5

6.

s

8.

9.

Water at 10°C?

150 7 v
Which of the salts h " S /
solubility at 10°C) as the greatest 140 / ve 74
. KT /
Which of the salts has its - 130 /
aff solubility
ected the least b : /]
¥ a change in 120
temperature? 2, / /
i NaCL 110 'g‘:;o/
. OWb!:any grams of sodium nitrate 5 \>/ /
ust be added to 100 ml to saturate the = 100
solution at 50°C? e} % // o"”/
At what temperature do saturated s /
solutions of potassium nitrate and g © 80
sodium nitrate contain the same weight T = d
of solute per 100 mL of water? 6 -4 70 ?5' /
oC \
What two salts have the same degree 60 < “\\&d =
of solubility at approximately 19°C? \\ / A\
KNQO3z anda KC\ 50 7 e
A saturated solution of potassium 40 & acl
nitrate is prepared at 60°C using 100.mL *
of water. How many grams of solute /;_.dﬁ NG y
will precipitate out of solution if the 30 ~ P
temperature is suddenly cooled to 30°C? /
20| —A o e
How many more grams of Potassium >< \r\\
Nitrate will dissolve when the 10 = S N C62(504)3
temperature of water increases from e 0 i 1
temperature fa%gg’g“ Clacs 0 10 20 30 40 50 60 70 80 90 100
If 50. mL of water that is saturated with o
KCl0;at 25°C is slowly evaporated to Temperature ( C)

dryness, how many grams of the dry salt
would be recovered?

10. Thirty grams of K(% are dissolved in 100 mL of water at 45°C. How many additional grams of KCl are needed to

make the solution saturated at 80°C?

20

11. Are the following so%tions saturated, unsaturated or supersaturated (assume that all three could form supersaturated

12. Based on the curve of NHs, we can assume that it is a %GS

¢

lutions
¥ a. 4)0. g of KCl in 100 mL of water at 80°C unsoturated
b. 120.gof KNO; in 100 mL of water at 60°C Sayurared
c. 80.gof NaNOjs in 100 mL of water at 10°C sarurared

. (solid or gas)




Notes on Concentration (% by Mass and Molarity)

Concentration Practice
Determine the molarity of the following solutions. SHOW ALL OF YOUR WORK.

1. Determine the percent composition by mass of a 100 g salt solution that contains 20 g of salt.

X %sair = 299 xi00 % soit = 20%
100 9
5. Calculate the mass of solvent in grams ina solution containing 3.0 grams of Tylenol if the mass percent is 3.5%.
3.5% = 309 %100 X Solvent = 83 g water
X + 3.09
3. 0.50 moles of sodium chloride is dissolved to make 0.75 liters of solution.
0.50 mo
950mel o g pT™m
0.5 L
4. 0.50 grams of sodium chloride is dissolved to make 0.075 liters of solution. .
0.50g NacCl = Imot NacCl_ < 0.008molNacl 0.008w Mol _ 0.01M
58.41 gNacl 0.015L 01l

|+

L
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Molarity Practice

1. 0.50 grams of sodium chloride is dissolved to make 0.075 mL of solution.

@ 050gnac xImaNall . g.gggmoinac  0.008umINALl - [k g3 m|
= S| x0° M)
58.1 gNall AR | L1x102m |

2. 734 grams of lithium sulfate are dissolved to make 875 mL of solution. .

134a Li S0y x | M01 LigS0y - (5. w8 molLiS0 lo.bS Mol Lig80y - 197z
: 10995 Li,§0y 204 0.875L Soin’ Lt AR

3. 6.7 x 10?2 grams of Pb(C2H30;)s are dissolved to make 3.5 mL of solution.

L. 110" 2 Pb(CaH;00 ¢ 1001 PbGH30Dy - 1510 mol 1.5%10 %m0l Pb(C2050dy {_O_'g;”gg}
143, Hq P (cargd 0.0035L Soln’

4. Thave two solutions. In the first solution, 1.0 moles of sodium chloride is dissolved to make 1.0 liters of solution.
In the second one, 1.0 moles of sodium chloride is added to 1.0 liters of water. Is the molarity of each solution the
same? Explain your answer. NQO. The £firsy so\uhon would have o molanty = IM
BU+ YNt SeCond Solutien Wouwd have @ \ess concemrated molanty as e
volume o0F Soldre + Volume 0F warer would make e total volume \auger ron (oL
5. How many grams of potassium carbonate are needed to make 200 mL of a 2.5 M solution?
0.200L x 2.5 mpl KaC03 X 138.21 94 K2(03 = u-oq | g H‘?.COA\
1L Soin | mol K03

I
I
6. How many liters of 4 M solution can be made using 100 grams of lithium bromide? |
!

100 g L Br AMARIEE L LoD e LSt |
8b.845u‘\3r 4 mol LiBr (

. 7. What is the concentration of a 450 mL solution that contains 200 grams of iron (IT) chloride?
2009 Felly, Imot FeClz . 2 mol Feclz 2l T€9: i M
|9.b.‘l53FeCIz .45 L son’

8. How many grams of ammonium sulfate are needed to make a 0.25 M solution with 2.5 L

9 5Lsoin’ x 0:25 M0l (NHg), S04 182179 (NHD) 20y _ 83 g (NHy),S0y

) A Shin? 1mot (NHy).SO 4
9. What is the concentration of a solution that has a volume of 2.5 L and contains 660 grams of calcium phosphate? :
L0 q CagPos), , 1Mol CagPO4)2 - 2 4mol 2 4mo CagPOuz g quM
27019 (a3(Poy)z 2.5\ .SoIn’ -

10. How many grams of copper (II) fluoride are needed to make 6.7 liters of a 1.2 M solution?

LI LSoin’ x 1-2mol CuFz 101 540F < [818.0u g CuFy)
I L soin' | mol CUFQ_ ;

11. How many liters of 0.88 M solution can be made with 25.5 grams of lithium fluoride?

] 25.949 3 0.88mol LiF L solny

12. What is the concentration of a solution that with a volume of 660 ml that contains 33.4 grams of aluminum

acetate?
) 0. lb4dmo) A1 (C2H302)
33.4q Al(C2Hy0,), xoot AlGHeba)y _ g pmol Gt e =

| R E
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Notes on Dilutions

Dilutions Practice

1. IfIadd 25 mL of waterto 125 mLofa0.15M NaOH solution what will the molarity of the diluted solution be? ‘
M| Vt - )
(0.15M)( 125pE) = Nz (|5,dmL)
150 159mML

M2= 0.3M |
If I add water to 100.0 mL of a 0.15 M NaOH solution until the final volume is 150 mL, what will the molarity of

the diluted solution be?
(0.15M) (100.0mL) = M, (150 mL)

Mz = 0.10M

How much 0.05 M HCl solution can be made by diluting 250 mL of 10 M HCI?
(10M)(25amL) = (0.05M) v,

\V2>_50.000 mi]

I have 345 mL of a 1.5 M NaCl solution. IfIboil the water until the volume of the solution is 250 mL, what will

the molarity of the solution be?
(1.5M)(345mL) = My (250mL)

M2 = 2. 1M

9
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Unit 8 Review: Moles and Solutions

Find the molar mass of:

Ha 2. Ca(NQa)____ 3. iron(Il) oxide it
' \l_u.os S/ml)" |14 .0V I/mo) L‘11.85‘3/ma|\_

4. How many moles are in 75.1g of FeO?
1519 Fe0 x Mo FeO_ . |} g5mol Fe0

71.859 Fe0
5. How many grams are in 2.5 moles of CH4?
2.5 mal (Hy x 10059 CH4 < |40. g CHy
I mot CHy

6. a. How many molecules of Ca(NOs), in 10.9 moles? —
10.9 mol Ca(N03)2 x L-02x (023me CalNO3)2 ~ {(,.50 x 10?4y Ca(NO3) (
| mol Ca(NO3)2 —

b. How many oxygen atoms are there?

5Lx10*"me Ca(noa)yx L 0 atoms 3 q4 x)(*°aroms Q
I mc Cal(NO3)2

7. How many grams of FeO are in 1.96 x 10? molecules?

1.9 x10**me FeQ x ! Mote RO~ 71,859 FeQ _ | 224 g FeO
O 0.02x10%c FeO | mole Fe0

8. How many molecules are in 72.6g of CH4?

23 -
' e imol, Cu xl.o.ozmo me (1 o 2.12 x10% H
72.199 ' x lm.osscnq Imol CHy r “mc C .})

9.What is the molarity of a 50.0mL solution that contains 29.04g NaCl? -

29.04g NaCl, _Lmol NQCL‘_ = 0.49049 mol NaCl  0.4904 mel Na¢| Caaa
e R 0.0500L Soin’ ulal

10. Narcotics agents confiscated an unknown substance that was suspected to be methaqualone. Its molecular formula is
Ci6H14N20. Analysis found the sample to have 77% carbon, 5.5% hydrogen, 15.3% nitrogen, and the rest oxygen. Was it

methaqualone? -
Tigc x AMole € - bLimac g 15.3gNx————= L0ImiN - 3

12.01g C  0.1315mo) 1400 N 0.1375mol

550 Hx_ImoleH - 5 45molH__, 2.2q0 x Imoie 0 _ ¢.1315mol Q _
9 5. 4SMolH ., 229 =\
1.0l gH  0.375mol 1v.0090 0.1315 mo)

11. What mass of CO has the same number of molecules as 192g of H,O? EMpINcal Firmuia= C o NgG :
NOT meHaqualGne

23
. Iq Zg HQ_O % l mol H'LO % L.02x10 MHZGX | mc €02 % \ MO\QL x qq‘.O\qCOZ - thqac‘
18.02g H20 1 moI'Hz0 L McH0  L02x)062%002 I Moy CO2 :

20



i bon and 0.48g of oxygen.
12. A gas containing carbon and oxygen is decomposed and is found to contain 0.36g of car

What is the empirical formula of this gas?

_ molC =\ C
0.3bg C X i moie C < 0¥ |
3 12.01 q C 0 .030 mol empinca\ = CO .
Formutla
0.489 O x imote 0 - 0.030m0l 0 =, o '
1w.0090  0.030mol | AT

14. The empirical formula of a compound is CH,O,. The actual molar mass of this compound is 184g. What is the

molecularformulagi);t;f;pcn;):)und? Mu\ﬁp\iﬂ' Molecuiar 1 |
Formula C(LHq_c2 Y 4 > ? = |CyH;0¢

S 18k
MasS 4v.03 g 1344 — 9
Wo.039

15. A31.0g sample-of rust (an iron oxide) is composed of 21.7g of iron. Determine the empirical formula of this rust and

give the correct chemical name.

31.0g— 2119 Fe = 94.390 |
2[-13 Fe x ..L.m_a..l_B—-— = O.Sgﬂfﬁolﬂ _ IFe’ X2 < 2':_'_6 emplnm
55.85gF¢ g zgqamol i g
¥€,0a
9390 x 1Mol & = 0.581mol0 - ;.59 x2 = 30 v
1b-004 0 0.339 mol |

iron () am%

16. Caffeine contains 49.98% C, 5.15% H, 28.87% N, and 16.49% O, and has a molar mass of 194.2 g/mol. What is its

molecular formula? .

49.939 C x —imole € = Y4 v mol C _ Y Empincal Formula = Cy HeN20
12.01g C 1.03 mo] Molar Mass <= 47 1\ 9o

5059 Hx Imae H - S.omoH . 5

28.3Tg N x ImoleN _ 2.guymal N a7 11 9/mel ®__“/
14019 N lozml = 2

N, 0, =

lutago x Imole 0 = 1.03moo _ , CgHioNy 02 = moteciar Formuia

lv.0060  1-03mol

Answer Key:

1.16.0 g/mol 2.164.1 g/mol 3.71.8
6b. 3.94 x 10 atoms O 7. 234g 8.2.73 x 10* 9.9.94M
13.17.5g Mg(OH); 14. C{H30s 15. empirical = Fe;0; na

g/mol 4.1.05moles 5.40.g 6a. 6.56 x 10* molecules
10. No 11.469g 12.CO
me = iron(IID) oxide 16. CsH(N,O,

21



