Unit Thiree: Atomic Structure &
Chemical Quantities

3.1) EpI Demrius d JhDaIt descrit. o 41
3.2) Identify instruments used to observe individual atoms. 4.1
3.3) Identify three types of subatomic particles. 4.2
3.4) Describe the structure of atoms according to the Rutherford model. 4.2
3.5) Explain what makes one element different from another. 4.3
3.6) Explain how_isotopes of an element differ. 43
3.7) Calculate the atomic mass of an element. ‘ 43
3.8) Convert among the count, and mass of an element. 10.1
3.9) Explain how chemists count the number of atoms, molecules, or formula 101
units of a substance. '
3.10) Determine the molar mass of an element. 10.1
3.11) Describe how to convert the mass of a substance to the number of 102
moles of a substance, and moles to mass. ’
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Chapter 4: Pages 100-119
Chapter 10: Pages 304-323

End of Chapter Practice:
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66, 67, 69, 72
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Defining the Atom

All matter is composed of tiny fundamental particles, which we call atoms.

Aom=1the Smolest+ facticle of an elemen thed
etoins WS identity i A Cheémical (ecchon.

¥ Aom  comes From +ht  word “Atomes” whieh is Greeic for
“indiyisible”
The concept of the atom intrigued a number of early scientists. While these early scientists could not

observe individual atoms, they still were able to propose ideas about the structure of atoms.

Democritus’s Atomic Theory:

460 B.C. - 370 B.C.

Greek philosopher

First to suggest the existence of atoms

His ideas lacked experimental support . . ‘
Qec.saned  Fhot adoms wece  Indivisible  and
indestructible. :

The real nature of atoms and the connection between observable changes and events at the atomic level
were not established for more than 2000 years after Democritus’s death.

Dalton’s Atomic Theory: A ,

e 1766-1844 |- =

e English chemists and school teacher

e Through the use of experimental methods, Dalton transformed Democritus’s ideas on atoms

into a scientific theory. _
e Studied the ratios in which elemerits combine in chemical reactions. -
o Based on the results of his experiments, Dalton formulated hypotheses and theories to
explain observations - the result of his work was known as Dalton's Atomic Theory:

1AW\ elementS owe composed e  tiny
indivisible  poarhicles caned crems.

2. A+tomns of +he Seme el mendt

|d€n+'l cal. | \’\-e otomsS of an i

[ ' \
Are  diffevend Lrom +hosSe cl;\-f OT:FY\ e‘en::.,iln-}
Clement, Yy other

3. Atoms of (;\L-H’e\’en-f' Llemen

ML tegether o con Shemically Con  physically

Simple™ Whole. nump, fetios e Cz;mb\’he in
¥ AfomS of one - M Compounds;
Clewment are
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Other scientists have also contributed to our understanding of the atom:

J.J. Thomson’s Atomic Theory:
o 1897 \
a\ecktonsS |

e Changed the view of an atom through the discover of
e Thomson's atomic theory suggested that the atom'was made of smaller subatomic particles:

° Ereckrons

°pProtons

e Thomson discovered that atoms emit negative particles when zapped with electricity.

o In an experiment he found that a magnet changed the path of a cathode ray.

g The oy cuxved Vowoq e upply
Tkpwcwds yousordS b} | el
L g ot -

5 S
o
)1(: S m‘i:
o L’3 ¢

n;w
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e Thomson believed:
An atom consisted of a sphere of positive charges with negatively charged electrons

o

embedded in it.
®+® P ¥ Knswn oS Yhe
T+ O plum puo\dn‘ng
o e + +® T model.
+ 1+ O 1
& o+

o The positive and negative charges are equal (overall net charge is neutral).
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must hawe Almest &l of 145
Ernest Rutherford: MesS concentyeted ot i+s center.
e 1909

k , 1
e Gold Foil Experiment Awe  helinmn cdoms Er;?lzic:r:;t\ss“‘“— i
e Shot thin gold foil with alpha E;Zicles (big and positively charged). '

o Rutherford concluded that atoms have a dense, positively charged nucleus (which
balances the electrons negative charge).

¥if the plum pudding
model wos correct, Tha
e clpha pachicles
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While the nucleus contains virtually all of the mass of an atom, it only takes up one-billionth of
the volume of the atom.

o Much smaller particles ( elecHonS ) orit the nucleus at a great distance.

r'l‘l

Sl

Neils Bohr:
e 1913
e Refined Rutherford's model by proposing that electrons:
o Orbit the nucleus without losing energy.
o Could move only in fixed orbits of specific energies.
o Electrons with I()JA) Lnex (‘) \/ would orbit closer to the nucleus while

electrons with hagh En C(j L,I orbit further from the nucleus.
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James Schroédinger:
o 1926 ' .
e Suggested that electrons were found in “probability clouds”, not orbits.
o The densest area of the cloud is where you have the greatest probability of finding the
electron.

James Chadwick:
e 1932
e Identified the neutron.
o Shot alpha particles at beryllium foil.
o The electrically neutral particles ejected.
w Provided evidence for the existence of neutrons in the nucleus.

i =
Gesger o
— »; . [' — E
Sizing Up the Atom
Atoms are incredibly small: 2R
A pure copper coin the size of a penny contains 72 X0 atoms.
| cJoowst
a ¥ +nere =
Earth’s population is only about 1 X6 people. 2, x10'C yimé Si n e
many m-?v:ge_ or®

coin @S pesple C-‘n‘
If you were to line up 100,000,000 atoms of copper side by side how long do you think they would £ ai

be?
onyY | cvn 'lov-g_l

Structure of the Nuclear Atom
Much of Dalton’s atomic theory is still accepted today; however, there is one important change:

Aoms Ccan be broken down indo eyen Saller , wpre
fundamental  Porhicles.

Atoms can be broken down into even smaller, more fundamental particles, called ;

Suwocdomic  Perhicies
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e The three kinds of subatomic particles are:

o ElecrronS
oProtonsS
o Neuwrons
Particle Symbol Charge ACt('; a::‘ln‘ll)ass
; +
Proyon P . + | am U
(o]
Neutron N 0O | ey
: 11535 4
E\eciion e - 1938 amilh
Where are all of the subatomic particles located in an atom?
- é-:, ~~
/e S h ¥ PYO+'OWS exnd
Pl L4 C\ \ nentrensS wave

up +e nucléus .

\C' - - 7 ﬁ ] )I, Eleckrons axé
e - , Aistributed  owvound
\ e~ +ne nucleus angd
~ - occupy a\woSt g ly
+he volumé o £
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Distinguishing Among Atoms:

if all atoms are made up of protons, neutrons, and electrons, how are atoms of hydrogen different than
oxygen atoms?

Elements are different beceuse -H«aa coniain
Aifferent+ numvers of  protonsS.

H+—, | Proh)n

C = ( protons

Ne= \o pretons
Atomic Number

- Représets  the nuwbper of protons in
+he nNucleus o<f N cdomn ofF o Specific

Al Avaa Do L
AV YVIWLTY

. ;n hydrogen  Soms  hawe \ Proton

L‘? +he Sdomic number £ \‘\"{‘C\""jcrn =\
e P\ csx\’a-en crormsS hoeuwe & protons
L +he cdormic number of eXygen: §

¥ Remember e ayenas exv€ fitcthy I‘ccx‘\\y nrewtrad,
el C’ﬁ'_. cé&f.téc) o (+P(_H.¢..f'8 &)
Mass Number
e Most of +ne  mass oF e adona 35
Conc@nbvroted in irs nue e S e aepe nds on +he
Aumber of  Protons  end  Neudrons,

— The Jotal number of rotons’ avAa Y\f—‘*‘h'OV\S‘
in oan  otow S calle +he MasSS Auwmber

= Neutronsg = MMaSS H - edormic Nuewber

The composition of an atom can be represented in shorthgnd nofation using the atomic number and mass

number. Fovo W\ar\\/ ’??r"'o-\-onsl e\tcﬁbnsl n-eutrons
Me52 9 ace thede

i Aormic HF = = ol 7}"’0‘\'0“3

0 C = ?i"O'\’OY\S = =+ electrons
L - I neutons = wessH - atrewice

"

O%s .

T Protons: 4

Electyons: H

Neutrons!’ oty = 5
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Practice:
How many protons, electrons, and neutrons are in each atom?
o NeutronS
: Ne. protons = \O cleckrons = L O Averrmme—i = 10
(O
Newtron
loﬁA pro+ons = 17 e\eckrons = H7) M'e-‘—"a-: ol
i
NeutronS 2
e
S =\
*Nex Protons = | Elecrwars
i Neuwyrons 25
-~ T
= T A
L= o e e\ectrons = T
;ZPb protons = % R
; A) eLtd rons
\Wo Clﬁ("'\'é\‘\s =\ = |(€

33 -
S orenS =
17 er

Isotopes
Atoms that have the  Scwi €. number.of Tprc;-\—o\r\s

but different numbers of N €iityon S,

If elements have different numbers of neutrons what else is different?

T\(\Qé Wi\ owe

¥ Mass 4 = protens  + Newtrons

Aift€erend

eSS MLAA b.e‘—s .'

Despite isotopes having different numbers of neutrons, isotopes are chemically alike because they have

identical Nuvn hees of Pro-‘ro s 4 Clechrany,
6 " T1 - 8 W
L1 L1 Li
[ ]
a
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Calculating Atomic Mass e

The atomic mass of an element is a \;é_i hted ayg;gg%mass of the atoms in a naturally occurring sample of

the element., §

e A weighted average mass reflects both the mass and the rg‘l_a_t_i_ve__agun,qjari_qg of the isotopes
as they occur in nature.

Atomic mass is measured in &domic MESS Uum'-l's (amu).
e One twelfth of the mass of a carbon-12 atom =1 amu

To calculate the atomic mass of an element, muttiply the mass of each isotope by its natural abundance,
expressed as a decimal, and then add the products.

Aror (et (Saitiee )) o [ (ssoots) fhuedone
S C G - | Sotape 4F | ¢ | ABunaAGWE T to )C_ﬁ"-za s fedound anie
‘ovi mMasd op 15+ ope | ¥ tuso i Sofope #2

Practice:
Find the atomic mass of a sample of chlorine atoms. Assume that 75.77% of the sample is CI-35 and
24.23% of the sample CI-37.

Atomic  WMasS = (36 . 0.157'7) + (‘57 « O.-2423

- (QQ-LIL\Q-‘EB +(%-°1<05'3 |

== B 5‘,1-[6'!69‘
- [25.9 o]

Carbon has two stable isotopes: carbon-12, which has a natural abundance of 98.89%, and carbon-13,
which has a natural abundance of 1.11%. The mass of carbon-12 is 12.000 amu; the mass of carbon-13 is
13.003 amu. Find the atomic mass of carbon.

AYormic oSS = (Ia-cwo . 0."18—89) + [13.003 . 0.0\1\3
= (WS66SY # (0.1443333)

= [0V ama]
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The Mole-A Measurement of Matter:
We can use conversion factors to convert between the count, mass and volume.

By count: 1 dozen apples: 12 apples

By mass: 1 dozen apples: 2.0 kg apples

By volume: 1 dozen apples: 0.20 bushel apples
Practice:

What is the mass of 90 average-sized apples if 1 dozen of the apples has a mass of 2.0 kg?
Number af APIES — JazZenS of APPIES - pas s oFf aPPILS

(GIO qp}@S} ([ d,o? 8 x A0 143 RW\’S) - E‘g\é a?PlCSW
12 aPP\t’ \ cla!'\er\ 3

Assume 1 dozen oranges has a mass of 1.5 kg and that there are 14 orange sluces in each orange. How

many slices are in 6 kg of oranges? (ianore Si1g Fi45 for +his one
KQ oramcja — dozen —> oSlices

| Acken 'z 0ra\€‘e§ / lv"' 5[1(65
OranqesS
(_(_ol}\g \ fc}eﬂ_w % ( \ .5 \Bg \ / l do‘y\

’ (12 S\1C€%

1y

!
. ¥ Ledin Mole = 7o wmass
What is a Mole*

23
| mole = (.02X\0" packiceS.

¥ The amount of nectter that  con¥ains oS

Mmany ob)€C+S oS *he Numoer o€ atomS in |§.g of

-2

The term _ Y€ preSe niatye Peccticle refers to the species present in a
substance, usually atoms, molecules, particles, or formula units.
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Converting Between Number of Particles and Moles: / (N U\W\be/r

3
1 mol = (JC)D. x\oz ?a(*tc\eg

Practice:

Magnesium is a light metal used in the manufacture of aircraft, automobile wheels, and tools. How many
moles of magnesium is 1.25 x 10%° atoms of magnesium?

(LQ5A\022.+¢MS%X ( (;Gmol A | 0. R6% mwol I"\éj

. GO x16%>

/V\() catoRS

How many moles is 2.80 x 10?* atoms of silicon?

I

- R B | mel s e onl <
( x\ *5_1 Ny W = H('og wol S
| b

|0\r"'D~QS

How many moles is 2.17 x 10% representative particles of bromine?

mo| By
QANVT X6 e el S _ 30O
WM)X (OOZP;(\‘[(O Cleg\/xoaw\o\ Br
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Molar Mass

Quantities measured in grams are convenient for working in the laboratory, so chemists have converted the
relative scale of masses of the elements in amu to a relative scale of masses in grams.
e The atomic mass of an element expressed in grams is the mass of a mole of the element.

o The mass of one mole of an elementis the V\o\a MaSS of the

element. 9
™Mo\cr e eSS - /mo\

To calculate the molar mass of a compound, find the number of grams of each element in one mole of the
compound. Then add the masses of the elements in the compound.

Practice: ot
What is the molar mass of 1 molecule of SO,? \0-9? ‘t&ps 'r,p“'
Q <3Q\o~mu xU); 3Q\o~mu~ 03{3)5‘\ o

The decomposition of hydrogen peroxide (H,O,) provides sufficient energy to launch a rocket. What is the
molar mass of hydrogen peroxide?

H(|()\ amv\\x 9\3: Q\O; aw
0: (l(jOo\MM (9\\ 32(? A 6%\?5#;"?5\

= “ ‘\)0\1‘b \}y\\

Find the molar mass of PCl,.

?: (30-‘173 X. ( \ \ s 30517 av\n
0 -.(35.”W\x ( & \ 10(05‘50\"""‘

e —

bow Sabsttale 1 37 B0k oA
+He it amS
hr CAVVUA, Q 'G(V\d

moleer  masSs !
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Mole-Mass Relationship

Suppose you need a given number of moles of a substance for a laboratory experiment. How can you
measure this amount?

To convert between moles and mass you must use the molar mass of an element or a compound. The
conversion factors for these calculations are based on the relationship:

Mdor MassS = | mol

Practice:
Items made out of aluminum, such as aircraft parts and cookware, are resistant to corrosion because the
aluminum reacts with oxygen in the air to form a coating of aluminum oxide (Al,O;). This tough, resistant
coating prevents any further corrosion. What is the mass, in grams, of 9.45 mol of aluminum oxide?
lAnpun . mo |l — Srams
9.45 mol Al203 (1™
D Finel o \e eSS (""‘"‘55 of 1 vv\ole\

Uiiengpor: AL (2easX 2) = B30
’ 9 hlz 03 O: (lo-oo>(3}: Us .00

23 Lus e Conwir Siom factor +© So\we

AUE msl Al e e ~ %
( (22— = [ o,
Alzoz . /}ID.OB

Find the mass, in grams, of 4.52 x 10° mol C,,H,,.

o\ —» 3"C~MS

-\ﬂ‘ﬁi‘“\"_ B Find woler  waSS vaxcsss of 1“—@\&5
Ll.SZ XL s e | Cgol-\-%z C(\ZON 1C‘B: +Qt.lo'l

W nown ! B (oMU = ™ HA
K 28202

S ngo‘-“'-Lz 9\3 LS  CONUETrRicym 3/ mol

fectd - +o Selue .

U.52 x10 > mes | , -
X0 b %'LX&&; }:'L

—
-

|
Czo Hyz
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When iron is exposed to air, it corrodes to form red-brown rust. Rust is iron (lll) oxide (Fe,
moles of iron (HI) oxide are contained in 92.2 g of pure iron (lll) oxide?

0,). How many
. 9 e S
[Enown,

—p ol\es
ﬁL.‘Z.g_ Fe, 0 \) Ve: (55 3’3(75 l“ 1o
O: (lbooX 3= _H&.06
WAk nown . 159.70 3/Mc:
rmoleS re-z_OS

9

/
22w Fe, O L ol l" ,
<q 5 35( - qwao E 577 mo:ﬂ

Fé'zOS

Find the number of moles in 3.70 x 10™ g of boron.
a\'ams -2 rollés
Ko o |

'3.'7oxto”\ca ) \ 3 (‘O %‘\( 3 =108 8/Mol

n: 2) 3.J0X\6 T>> Lol B ! |
> T (/ 105198 'NED'C>5[%§TWJ/

Calculate the nhumber of moles in 75.0 g of dinitrogen trioxide. (”LO 33
2"“ msS —» wnwwole S
IEnewn

75.0 9 NzO; \B N: (M. ONL} A%.02
: 0. (\(.4003(33 T ys.00
Unire 7l -0 2 3/Mal
msl Na0s3

VN0 T,
) (75 o058 ) 0987 mo
Mo OX g V03 ) — mo
a* Na03




C_omler—\lnq Moleg +o Nuwmber of l‘H-ow\s

'P“D'Pc..ht 1@, (Y &S wused foc lookin and hea'h"g
How MG o+ omsS ofe  in Ja TR mole& of Propaneé C3Hs>

DAV\&\YZC'~
molksS —>  molecules —s, odowns

23 Co\cul\é-4e !

a3 (I atoms
) mo! C}HS _ ( o lecull

j \ .46 x10?? a.—\—ow\SJ




