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Chapter 2: Atoms, Molecules and lons

The present pictwe of the afom. hoso evolued over mamy hundds of yeoss. | { .
The usfory of the development of ademic Yheory 1S quuen. i youn Textbook. |

W\eSe ane the 3 ]@y\dammdoi panhicles Guen i der of them dwéow :

Particle Mass Change Discoverer
elechon (e-) 0.00055 amuw -1 ~ Davy (12005) « Sthus
Pm*ovx (Poz. pt) 003 oanmu + 1 Goldskin (I8%6)
newhon (noen®)!  LOORF cumuc @) Chodwick. (1932)

U 1910, the reseanch qrowp of Emut Ruttnfod vom o mosf‘lmpm‘md experiment
now colled the Rudherfnd Scatterorg Exporiment, intohich oL pieee of thon
qold foil wos bombanded with, alpha (o) parnhiclos ( products of radioactve
decay ).
alpha parhcde = He nucleus ( odom munws i L elechmo)
:Hc:“ ( it has o &+ chage)

Most of the poscutly charged particles passed through, the foil (That wao
expeckd); but some wew deflickd by the foil and o few bounced abmest
Shaxght back.  ( Sinprise!!)  What dd thio mean > (Fig- 5-4, 5°5)
I adoms ane mosHy emnply Space.
2. the mass of an afom is locokd prmondy wn the ruclus ot
fle cenden of e atom.
3. The chaage on The nuclous is postiive.

E Deﬁr\d?m of T{’ImS:

%Q‘fm‘r\'& nwumber (Z) @ rumber of profons in the rueluo

| fr a nushal odom, (Chewhalmears the adm hao no charge
the # protms = +# elochmo ~ sothat fofel chayge =0

fhe afomic humber (# protmo) delermunes am elemunds identiy
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Excerpts from Encyclopedia Britannica

Early Atomic Models

Several models of the atom were proposed in the first few years of the 20th century. The earliest (1902)
was originated by an English physicist, Lord Kelvin, but was supported so strongly by Thomson that it
became known as the Thomson atom. According to this model, the atom consists of a sphere of
uniformly distributed positive charge, about one angstrom in diameter (1 angstrom = 107! m), in which
the electrons are embedded like raisons in a pudding. Lord Kelvin himself at least partly abandoned this
model and in 1905 proposed another, in which the uniform positive sphere is replaced by alternate
positive and negative spherical shells, with a net surplus of positive charge; the electrons are embedded
in the positive charge. Another model, proposed in 1903, suggested that all atoms are composed of
varying numbers of a single constituent, called dynamids. Each dynamid is conceived as consisting of an
intimate association of an electron and a much more massive positive body, having a linear dimension
(diameter) of the order of 107 angstroms with the dynamids held together by unspecified forces. Still
another model, proposed in 1904 by a Japanese physicist, Hantaro Nagaoka, considered the positive
charge as concentrated at the center of the atom, with the electrons forming a ring similar to Saturn's
nngs. *

The Rutherford Model

In 1910, two researchers working under Rutherford's direction, were studying the scattering of alpha
particles - that is, their deflection from straight-line paths - as they passed through thin foils. They noted
that a small but significant number were scattered through quite large angles. Rutherford recognized
that, if the Thomson model were valid, an alpha particle, about 7000 times more massive than an
electron, would interact with many atoms on the way through the foil; no single interaction could
produce a large deflection, and the effects of the many interactions would tend to cancel rather than add
up. On the other hand, if the positive charge and most of the mass were concentrated in a very small
region at the center, as Nagaoka had suggested, multiple interactions would be rare, but a single
interaction could produce a large deviation. Rutherford worked out the theory in 1911, that the atom
could be described as a tiny, dense, positively charged core called a nucleus, in which nearly all the mass
is concentrated, around which the light, negative constituents, called electrons, circulate at some
distance, much like planets revolving around the Sun. He showed that the scattering should be
proportional to the foil thickness, ¢, for a nuclear atom but to the square root of the thickness, ‘\/;, for the
Thomson atom; that it should decrease with increasing deflection angle for a nuclear atom but decrease
much faster for the Thomson atom. With refined techniques, a complete verification was obtained of the
results of the nuclear model, based totally on classical physics. This model did have serious defects: the
dynamic equilibrium he proposed, with the electrons travelling around the nucleus, meant, according
electromagnetic theory, that the electrons would radiate energy continuously, lose energy and spiral into
the nucleus. This does not happen. This problem was resolved by a Danish physicist, Niels Bohr, in
1913, with the Bohr model of the atom.




moss nuwmber (A) + sum of rumbers of profons and noutrons i The nuclews

Therefoe, A= 2 + no. of nuutrons ( mass rumber is
hof o, wight)

huclde Syim bol

A

2 where  E = element symbol
A = maso nwmber (#p + #n)
2= atomuc nwmber (#p)

exomple : For BC&/L , What 1s number of profons,ﬁ&cham,muﬁm i adey
ANS. #p =29 (look on periodic fouble)
#e =329 (#p-=#e -@ra rudhal adom,)
#n= A-2 = 63-29 = 34

isofopes @ two er more ﬁwms of afoms of The same element with, dLMw/vd'
masses 3 afoms Coviaining The same number of profons, but

djeients numbers of noutrons.

example:  the element F\Lédnoq@w hoo 3 ‘Isdopcs;

hydrogen deudrer-um. et i
H “H 3

(a8.985 %) (0.015 %) (0.000% )

I on‘rov\. | ?nﬂow 1 Projrom

| electron [ elechan | elochon.
O neuhons | naudron 2 newdrons

Some elements hove only | isofope ( F, I>, but most elements occun
i nafwre as mivtures of isotopes,

The naduwally occmmmq abundamees

 mdtopes (Toble 5-3) are dokeamined by maas spechonelny




Q{"E’

Atormic Weight Scale : | amuw = Té_ moss of ZC , & specdic. sofope of C
where amut = afeic Inans umid
recoll: mass of one ‘:C oom. = 14 amuw

mass of one moke of C oadoms = 12.0000 g

Alornic Weight of am eloment : weghted averoge of masses of i& eonshituend
| ISotopes.

Exomple: Copper occuns noduolly as Q isofopes

% abumdamee sofopic maso
Bl 6.1 % 629 amw
“5Cu, 309 % b4.9

What is Fhe adomic weght of copper

AW of Co. = (faction of “Cu)(mass of “C) + (facton of ‘G Yfrassof Cut)
= (0.691 X 62.9 amw) + (€ 30D(AH9 amu)
= (3.5 amw

Exomple: The obomic woeight of boron. is 10811 amu. (o look up on peredic Table)
The masses of the fwo sopes oe B 10013 amuw , B= 11009 am
What ane The % abundamees of the 2 isotopes 2

let x = 'ﬁoc,ﬁon of the Lighter 1sotope, °B
== flaction. of The heavior. isofope, "B

AW Uf B = (ﬁadioh, of mB)(VY\O.M 0{ bB) * (‘ﬁ‘ad?'om of “B>(YMM ofllgD
10811 = (x)(10.013 amw) + (1-20)(1.009 amuw)

0.1 = 10.013 x + I.009- 1.009 x
~0.98 = ~0.99% x
X = 0.199
-x = 0.30] o % abundomce of B = 199%

B = %0.1%



Ao and He Mole:
VQQUM 1 omu= TJJ:W\OJLOO"DCO&UM —wwmwbgﬁw]dﬂ%
b Sk

From perwdic Toble

.OOF9 aru= Mmow amO-ArP/\aqe H o.:,tvm ( Nda«wl
4292937 omu = rewo ijn areiage No. afom MW Wo%)

%m/y,*'°aNaa'}uh\/\ao~23mwwwwﬁwna H afmn.
Now, odovmo e smell, dufftcutt fo wegh., hewlt o Cound
S, mdowemmmo.mmﬁw W

We ned o wnih whick descaibes o large mumber of adomo

mols CSIumib) Imok = 6.022045 x 10 parhcleo
Avegadres humber ()

I'mod No. odmo haw 6-022 %107 adomsd of Ne.
(shaw Sampleo of mobio ~ Fig 2.9)

The syslim of afomic wiighty Wow von ked oot witk, N so Thot
| r am eloment, altmic weight (in amu) = mano of 1 mef Guqmm)
)f Yow ok ontHe p@wod&c_*fabto_ ﬁ3 adomic wejghd (rrolon m/m)o-/’\/&f
yon wall ford 2298977 or 2299 (o Z/ag, foine )
< if yow howe I odom of No- i hao mans of 2299 armu
\f i howe Lmel of Now aiva, 11 hao maso of 99993—

f ik

e /o
(mfiZX )h“"W o Sl O odom
mansd

So lebs wee Yo unis OOO.W./
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Exomple :  What s the ld@vﬁtt‘f of an elument if 3-00 melwo of
&t woghs 80.9 9

Plan : mol, g — AW — use perolic fable {oﬁr\dtw\hi‘v

Bxomple : (aledate the maas of an atom of Fe

From periodic fable : L mol of Fe hao mans of 55.854

we knhow 1 mod of Fe confuing 6.022 * 10*2 afoms
H we combine “this ifoumadior.,
| _mol -
moss of 1 Fe odom = 55.85 y?m * ( b- 0221 <1023 dms) Q24 <10 §
(3/o4om) UNIT FACTOR. odor

Nde : this is example of dimensimol amnalysis.

Exampla: How mony moles of atoms and how many odoms are contained in
o g of Fe ¢ (show somplo)

+# This is a
@ ANGE) = T D kede s A s
#q Fe
CHds Fo =AM
Ab.2
55.85%/m\

O. ""bq Imo\




| | andics
(b) likaustse, we know Ny hao wnidos e~ - Ny = " mow
E #Q:fOW\S NA X #W\otﬂbm
L.022 2102 Tol x O.469 ol
2. €2 x 10** afoms

i

i

annp(g,z How mamy mels of Hq ond how many atomo of H o Covifuimed

i A4 mb of Hg (sm vial).  Speesfic. qrowly of Hg = 13.5939.

ke know thot  #imdew = 7\% but we do hot know maws, anly volume .
What do we kmow thot relotis Maso and volume ¢ ANs. DENSITY

sPec«pcq»cdeD
. . 4 ,
densiy hoo wnid Zlr ) D= FL
#_3 = D x #mlL

 the unds of kmsily Qe you e fomulo. for relating D, mb, g

Recall :  spetific gty ¢ redio of The demsily of a substunce fo e
dﬂ/r\sdi{ of Hy0 (" .00 %L at 35°C o 3 sigmﬁca/dﬁ})
*for all prmctical punposes, dcms‘b., = specddic grantdy

& (o unds)
Bock. fo the exomple o 2) (3)
Plom of oftock : mJ_—-—>%—->molu~—>oJmo
B AW A
ch}qr
: #
D) #’c& H%= D x #ml  smee D=ﬁ,\1
- 13,5939 FalL X 984 ml
= |34 g - iq
= smee =
Q) % wol H%— o ;T——gqy/m O,',%gm\ 5 #mol
(3) # odoms = #Hmoes x Ny swc:é-m

= (O.bb¥ mol * b.02A* 0% nToT ‘40Q¥I0a40m NA#vv\ol
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SNN- Problam by dumensimol. Mm !

; 13,5939 | mol 0.02.2)0%3adnwo H
#oa\o\rm = Q3 wlHg x L + = 200. A q 3 I ol Hg :

A 1,02 x 10* aloms HB

| \hdxmiﬂ&owqw,‘wskpiorepwwed by o Wit Jacker
NStep 1+ amverdng nl > g | %
Skpc',l'. Cnhuuw}t'/.g %en\n{

S‘rcPS‘. convtriurg ol acdorns

Inbothuction fo Pertotic Table

%Pmpnﬂm o] The domerds mpeﬁodicﬁmcﬁ/m of ‘thun afrmic umbta.
| (atpmic # 10 # protmo in ruchuo - and # Sechno in o heudiol admn.)

Sroups or“‘ﬁvmh' e ¢+ verh ol columny
1A (exapt H) ¢ olkold rednlo
A :wmgTb |
7A ! anmno _
o 8A (o) ’hob&;wam-wad‘}ob&@m_dlmf
 Poriods ;"0'\*90»\7‘1}[ rows . Fistromo v Period 4.

1+ Elemuds cam he, dundid vrdo 3 ( by shircosy Qi or)
can et a2 e b e,

4! Groups 34
el
| | ECTT L) “inetallods (hot A1) '
‘o characluwohices ~ (bordor on Shurcose i 18ign,)
T et _ Y\m\mdv% .
). high electucol Cavdud‘wdfr |. poor ectucok vducurdly

 2ollaestds @ H ot o Q. quews, iguids o sobeb riam
: 3, fom cahons (+ charged iow) 3. form wm(——%W)
} by |p&w~q clechono \)y Gaunvrg eJe

H, Jorm lonic cmpoinds with el 4. forms coulont cmplp g

other non-metals.



(OLD CHAPTER 3 - NOW A PART OF CHAPTER 2)

How do afomo atiich Hemoelsto Jo olhin alimo and how do
we home “Thae new cow\powndo7

’lT»o Mo Woys aue. uaed Yo frm compounts !
(1) elechuro m*ﬁmsf@umdﬁv\mojvm*}eamo%%
-~ Tonh ox hdd‘}oqeﬁlx\- by e@adw\s/w‘m%w colley 10ruc bm/zl
You €asily recogrige “lonic compourth becaua They -
metol cochir. (+ 10n) nmndaiwnm\(— on)

Barmpl:  Noll o reoldly No.* —/r—ba%‘ , b@mm
| BaBr (0 veo.ﬁls, :BQZB-‘ B o lov\ge.
ot o Wil )

Na—— _ mho&/lw

~ betueyn Not ard CL° T why
| N CL e w NaCd. Shollest ){

Nww called o foomulp nit-

(_9) elochoro ane Shanad betuween odmmo No imo art foume —

Ao are Feld Jogelhn by frese colled covnlond bordo.
Cooalud' ounly Ut fecause Trey occun
m hmmﬁlowom gﬁdbﬁw mrdmdwﬂ

. unds called moliaudio are formed. . |

EXam\P(w Br, H,0  Cli;CH,0H

CD Q P Y7
B ., - HBS
He H H H |
' O ‘/\
C*'c-'-o H
v

H
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| cofro (fminebl):  Lichm — LT+ €

fheduhe s

T Moeon vty and o fametn: He
| o et

and LIF©
; :‘.'K(de 5

(3p,3e) (Gp dedleete ) 0
Nole - elementy want fo howe Same 3¢ a0 Mo Qoago 7@,$bdn‘¥ ,

. aniow (fiom honmebls):  Fodom v —> F°
S T o@p9) . (Ap, 0e>MaNe -

e

T oo aluding e dichosobi fie, ol michod
v set by Coudgwbs Loww ] o

. . FL£* dzCh_ =" e=choqeonduchm
. L-:' F- .

s ?rt%\)?ofumﬂa

ik

ittt o Nomenclodwe fo Tonic Gmpounds :

 Common comet  No® sobium ton L chlouds o,

K™ potonawm. i, Br  bromudo i

B borwm i S* subfla

A AP adumuimim, N rhide i

- Nete -ﬁ S&h\p(z o elomrent Cbma/r)/) oiC Wouﬂb&:
= A+ 24 +2 3A +3 melolo

54 -3 bA -2 7A -1 nmwebls

. home ! Codm nowre + Gmion hame, — somple,
ﬁm&u‘ you must ko avxlwuer’ E:E»h&y\wm\srflw
| arg of kd&o‘/'ﬁa#%uc}wge%wymmdioﬁ
_ PRUTTIS W, 3&*’0:* + N3 = NCL3 ,

1 sodum bromdy,  No Br = NaBr v |




Naml}v\q Compowv\c!o
This Is daﬁrdikf IMPORTANT |

T/ By consme + ompons of 4 chrads

can be 1onc o ¢oradont

name less electrareqative eloment ﬁwf and the more
elechontgative element second with ~ide ending on 1K STem..

” $+e,ms ﬁr Nonmedads
TiIA VA YA . YA ViA

B bor C ccurb N l"\ﬁ'\r‘ O oX . H h dr S
St silic P phesph S suff F ﬁ,wn,

As arsen Se selen Cl chlor

Sb O.,Yi}'imeV\— Te telluw Br broyy\

T iod

A«.Bmarly loric_compounds : Contriin medak cwhers omd nonmedak amibns

i KBr ¢ poluosium. bromide Mgsby mawm phosphde,
o Coly  colowmn chlorde My Oz ¢ amuruime aside M

1 NoH : soduwm l'\%dmde, (H s more fladlor\n.qaﬁve, it s anm wUU\ lc}wxqc
& 10 2l

Meals i binawy compounds may exhibit more than one oxidafion, nwmber.
Thee ane 2 ways to express This mfrmation.

() older method :  “-ous” ending +pr lower oxdachon stle
"4o” ending for higher oxidahon stale

othis only works for thowe mehls with & dffeunt axdatien. numbers.




@, @ o

2 .
q Mercwuc

R @ ]
| examples: it Cuprous Fe w ST stmnow é—\ﬁa mercuI oo
' d

| &M cupric %3+ ]@uuc %’” stamnic

AQ) IUPAC method : use roman numeral in parentheses )G‘“DW‘I rams

Cully  copper() chloride  (cupric chlmide)
~ Hg,Br,  mercun

=3

FeS ion (IL) sulfide (ﬁmouA su.Qﬁ'iv.)

P§©udobinarq, Jonic chpoumds,: corlain more Than 2 elements

Co.:hon : NHL}+ WMOWN jon
amyen = CN™ O(atamkbz, 1o

ON hgdwiein

NHACN  ammosiom cunnide

Sn(oHy  Hin () hydoide (stumnous hydumids)

e C.Binary Covslont compounds @ contans 2 honmelpls
Greek/ Latin prefuces give elemental proporions
. mono (w'u{aﬁ) 4, detra ) ¥ \'\qa‘ro. 0. deca
B I N S 5. Povd'o. %. octh. . undeca
3t b hxa 4 nona 12. dodeca
¥ excopt for carbon monaxide, CO
) 905 sulfun dioride

N, Oy di,.hlhog—ow fehovide
As,O,, tetraarsenic decoude

e

(L) bromide (morcunrouws bromide)



36

> Blncury ocids : H + more eluctronggative nohmetal

HCL (9) hydrogen chlorde HC&@%) lu&dmd\imic acd
HF (9) hyrogen fluorde HF 6@ hydrofuouc acd
HT @ N&dzw&e/v\ lodide, HT (a9 hydire1odic oud
HCN ) h&quw cywmd,m HCN(Q%) \fué(th‘ocyamb acid

HaS @ hytrogen sulfide HaSE  hudwsulfanic acd
I _Ternaw Compownds .

Al Ternary acids (oxyacids )  compownds of H, O, nonmetsd

| Common Yeananmy acids @ “-ic “acds E B

AL YA . WA TUA
@ @ ®
Hy BO3 H,CO;3 HNO5
botic 004 corbonic ood nitrc aod
- %‘D @ @ o | S—
WS04  HiPoy  HiSOy Huo,_mm_m
sihicie owd pkosphom c\gd Sulﬁm,\c,m,\d d\lé,:m_ aod =
H3 ASOH HaSth HBr O; )
arsemic acd selenic aud bromie acnd
Hb Teob H Ioa 8 I S ———
Yl oud iodic aend

| There onw sek of odds demeed from the -l feunoay acds ¢ I
L more O pen i© ocid D

Llss O __ ow acd e SR
2 less O ‘r\%po__ow) oad S
oxdatien. A Per__ic, acd Pf}rd\lmic,obd HCUOy +3
cm> i add chlore acd HQO3 +S
of nonmeel | ous acd Chlovows ocid Helo, +3

nqueses | oo ow add hypochleows acd ~ HUO . *1




Tcr‘nax*y Salts :  coton (+) or NHy* (ammonwum. im) goes ﬁwf
amion () dowed fom acd goto secmd

-1c acd. = - ale on per__‘\c, ocd =2 per__ odL ion
—ow avd = -1ty ion \/uapo—-—-ousanid = N&po__'ﬂl 1oV~

HIO,  priodic ocd L5 TO4  periodo®e ion
HIO:;  odic aad R Tor  oded iom
HI0, todowosd 5 T0, iodife ion
HTO P\A&PO\o‘c{olmo\ch 5 TO N&Po odJe Ton

Natg, - ‘ff\achw\qe on the lorv can be deduced fiom the nwmi@\o{ H«jd/w?wom#&
Famd;aad

HyPOy  phospheicoad 25 PO phosphata ion
HNO, rihows aod  ZHH5  NOy  whiG.ion
HaS04  sulfunic oed 2H, Qo4 Sulfaiw lon.
HyS0s  swiuow ocd 2h S0t ,Sulflii, LN
HyCOy corbonic ocd 2> COs7  corbmade imm

Exarples of solbs :
| ammorum, sulfote (N Hq), S04
collcum IR Cou (NOg)g.
\YUY»CUﬂ pkosp\'\oﬁﬁ, F-es(POq ).L
({émmw ?Vosp\r\oi’a)
. Aod Salts : salls cm\w am acudie hudrogen o o |
, IWPAC older name ,
Now H SOy sedirn, ;\?d/\oam Sul{al'b Soiwm bLSU-DJfo:B.,
NecH SO5 soduum, P\Aad/wa,am_ SU&FJG, soduim b%&f\h

KH, POy potassum, M\A&&wgm phosphale. —
No. HCO3 Sodiwm, )\Aadlto%zm clrbon e, Sodum  bicarbmate




Formulaand Namesfor Some Common lons

Z"lerf‘-'w&ﬂﬂ'o-fcnh\mmim — memouss

l

'

Common Cations Common Anions
Formula Name Formula Name
Li* lithium ion F- fluoride ion
Na* sodium ion Cl- chloride ion
K* potassium ion Br~ bromide ion
NH,* ammonium ion I~ iodide ion
Ag* silver jon OH" hydroxide ion
CN-~ cyanide ion
Mg** magnesium ion Clo- hypochlorite ion
Ca®* calcium ion ClO,~ chiorite ion
Ba’* barium ion . ClO;~ chlorate ion
cd* cadmium ion Clo,~ perchlorate ion
Zn** zinc ion CH;CO0O~ acetate ion
Cu?* copper(II) ion or cupric ion MnO,~ permanganate ion
Hg,* mercury(l) ion or mercurous ion NO,~ nitrite ion .
Hg?* mercury(Il) ion or mercuric ion NO;~ nitrate ion
Mn?* manganese(Il) ion $ SCN~ thiocyanate ion
Co** cobalt(II) ion
~ Ni?* nickel(II) ion o oxide ion
Pb** lead(II) ion or plumbous ion S sulfide ion
Sn?* tin(Il) ion or stannous ion HSO;” hydrogen sulfite ion or
Fe?* iron(II) ion or ferrous ion bisulfite ion
SO,*- sulfite ion
Fe’* iron(I1I) ion or ferric ion HSO, hydrogen sulfate ion or
AP+ aluminum ion bisulfate ion
- crt chromium(III) ion or SO2- sulfate ion
5 chromic ion HCO,~ hydrogen carbonate ion
i or bicarbonate ion
CO,*" carbonate ion
£CrO2" chromate ion
4 ¥ Cr,0,%" dichromate ion
PO," phosphate ion
AsO - arsenate ion
i

*oddLhMiM-‘w\ai)/m COYNe QCIOSS
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éBY‘mJM, Compoundo e Mole
iFwFJﬂc:))wﬂqkf!SMo-[ mounses of elomard L'n‘ifeﬁm)ia..

éEXom\p[o_: H,O wooler H 2x1.0079 = 20158
O | x19999u =_[ST 9994

H-o 18.0152

4

H
HiO s made of nommedols, so it is @ covedond crmpound
The smallist pant of Ha0 that STl hoo H,0 chaacteuiotics
s fhe melooulo,
~ one ttny Aftle, molocule of H,0 “woq}w” 18015 amu
andd FL= 18OIS2 omas/ | hosoumase]

and 1f yow hare | ele (Na= 608 X102 w«%u»lu)o‘/ H,0,
i wold “M}J I?'Olsacémm\o
Tre FW = BOISR 9 /pohof H0 melicudi

sunce. Te donaally of woakn ~ 100 g/ml (ipords o T7)
gow wowld hz.;{re, ~ 1Em- of H,0.

Now: suce wader v o woliede, FLO camadao be modaudan et

Exomple:  How mamy moteurio of H,0 are i 100. mk of H,0 4
A

we_ krew uae

) D&,y "ol = 4#q = Dx #nl= 00 FmLx J00.mL= 100.9

‘ # 100. ¢
@ MGhd)= Free * #ek™ Tl = O gmt = 556 ml KO

_# dws | 2
) M 5B e o bt 0S5
D =335« O WW)’QQ(MQM Hzﬁ

OR D @) 23
| 100q . ImetHO 602 10%metacile, KO
HFmolcly [0 = 0OWLILD * ToowL ™ RO hy ~ + Imole MO




E)(OII\PLQ’ Colewdote W w&qld’ 5f AngSOq)g,' 18 H,0 QMM&\OM

aluminum. sulfate All(SOq)3 (no waktnw aﬂ'advzci
Wd(\/\okd aluminwm Sulfodl-‘ Al (80y)5* 18 H0 l«%d/moh
exact Me}(oci
Al 2% A8 = 5390
S 3% 3206 - 913
O (a+18)* 1600 = A8O.Q

H 3b * 1008 = _ 3629
bbb HE Yole  formulo. Light

2 f we hawe L mole of This Compound, what do we really have ¢

1 mole A{Q(SOL[)s' I¥H,0
(6(06.4-3)

6,022 x j0** ]Grrmﬁa unds

2 molw of A (53.2?0) 9)

2 * 6022 * 10%* afoms of Al

3 mole O" S (qb. I8 %)

30 molw of O

18 mols of HaO (18120 = 324 9 H0)

e om B

Percent Composifion. and  Formulas of Compounds

percond composthon, :  percond by mass of each eloment in fhe compound.
Fxamply ©  Calewlale e percont by mase of the elumends in Ala(SOgly- I8 HO

Asswme : yow have 1 mole of compound = 666.‘)-!3 in This case  (see above,

%Al = '“““"%’fl\i{;’f&;“ﬁ“"“*uoo= Teeh ¥ 100 = 2097 %
% S - mw%i&:m‘*mﬂoo = 2618 <100 - HH3 %
% Q- DowefO x 100 = FLx jo0 - 3203 7
% H-= ﬁ%i X 100 = &%%.qploo = DML %

100.00% %
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Al swmplis of hydraded adumonum. swlfite,  have Yhus cm\f)oSHIbm,

(Law of Dﬁf]h.ltb P@pﬂf)m)
Law of Multiple Popotions:  If fwo elements combine fo form. more than
one compound, The 1atio of The masses can be expressed in small whol numbes

) W\QS«SO{ O.lh. ”lo _ —L
“W\WO{O.H\. MLOQ, T Z

6.9. H 5 O HaO H;.OQ.
woder hydvogen pw*xide,

Deriyafion. of Formulas from Elemudal Composifion.

Mamy umes in the labmatory , o chemust will synthesize o compound. T help
prove that she prepaned whot she thought she preponed, “she will serd a
somple of the new compound o o commerciad. labnatory for elenentad anslisi.
From This mfrunadim., she cam deduce The sumplest. or empiraal formula

(the smallest whole number oo of adoms present i compoumd)

Exampleo o sumplast (wmd)ﬁpnwdo,s :
TRUE MOLECULAR FORMULA _ SIMPLEST FORMULA
CoHep (benzend) CH
Asy 00 N As,Os
SO, S0,

Exampla: Consider o QOH\POUmd that only Corctouns Carbm and kkdd*bﬁfﬁ\ The.
resulls come back @ 956% C and 14.9%H.  What i The sumplest fempinical
{;rmda 'ﬁr The c;ompow,\d? .

Skip@ : Asswme we have IOOg of compound - Ho ynake calcwdochmo easien,

- we hove ¥5.0 9(‘, amd 1‘1#3 H.

Skp @)+ Recoll that formulas muolve rodhos of odoms or imolio of adoms
NOT mous.
S we must d\amg,c mano of elemrd, — ymoles of elomant.



-~

31l

?Skgc
Fmles C= Ta0 g/mol = %13 molw C smco,moQ=-A%)

. . MM g H
iy H ™ 100 Gm = ks H
Recoll Thott the elomends in. o formula are in o rocdio of whele numbns o eachote

Skp@ Choose The smallest numben of moles 4o use as o divisee fo e offer,

vmbers,
13
-ﬁ C 713 = |00 But he rodos must
Yy be whole humbers.
o I o7 202
mel C ]

Tl HOT 2
~ empuucad fwm&dcuﬁ The C(M\powv\d is CHQ~

To contwe,  The chumust knows ﬁom ancther expmimat that the
molecuden we(qkb of her compound 5 H2. What s the twe o actual

fumula.?

The sumplest ]%rrw.\a, CH,, has oo th ‘@"”Wi& weiykit

C: Ix ot = 1.0l
H: ax 1008 = _4.0le
M.02F amuw
B, (sumploot)
actuad ﬁwmh wex?ld: = empnrncgi ]Gmwia we,xgkt x whole nmber
4. = 14 x
X= 3
-+ adual ﬁrmu.la = (CH2)3 = C3H,
So, somple coudd be propene_ or cxadopvopa/m
Cha
H C C %‘ ' *LC/—'\C";_
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%Exwvnpla,t Whok s the sumplost W)@ o. Compoumd : 65.20% As, 3480%0 ¢

® @ G
| Assume )003 Chamqe_ 4o moles dwide by smollest #
5209 . 0.8203 _

As ©5.20 q — 74,92 g/mn-i Qg103 o003 1.00O
504 2135
0 3480q - 3;:‘8;% ol 2115 o875 4%

Now, you have ‘gumd the ‘f;)hrwla AS, O;#qq

- What do you do Yo change subsoupls Jo whole humbers <
Yow do NOT rourd of f | o qlve. edon AsO, or AsOs
You Do mubtiply e by L o give As,0s.

NStQﬁ Ohl}l YYDUMd Gﬂﬂ Wh@/L(O.l or SO ﬁ\om wlw(Q, Mmber. )
| eq FeOyag does not vound off fo FeO. Muﬂh{)ly by 3 o qie
F@a@q.

How mamy odomas o-f’ Oﬂﬁux are. Condoumed un oo CI,SO? SQ/mP(Q_ O.P
o HiS047 (MW HS0y= 980 g/el)
)
P\Q/Y\ 3”2_50:.; 'C—l% olss HZSOLI % molws O -g—’; odoms O
S ingedes YoSOy — odume ©

’ q.QO%
0) molas H,SOy = 98.09/mek = 0.100 weleo H,30¢

| : O~
(2) wekeo O = 4 x moles H,SOy = O.HOO welan O sice T SOy
() shoms O = 602107 S % OHOD ok = 2HI %10 ol O
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#57 IF Epsom sold, MgSOy-x 0 u Aeotkd Ho ASOC, ol The woafen of
dodun 0 lost "On heatung 1,68796anl0_0f#0.1’wm, 0,82‘/9
of M350w Femain.  How amy molecudts of Watth ccam per

it of MgSO‘, n e@somgs‘cd&?

| 6874 O.824g ‘q

Tiydo: . MgSOy xH0 — MgSO, + x H0

‘whgl an | , T . T

| Q%WW\)' , H@Mm%y X = motas of podea

= - bumsm. buwner P | el of q)omnSo-U

L Wo{@n@mﬁmcf W\amz\s:ayg ot 1n omy mw)/ pweow o
~ reactn (hoto huchoan rachn.) | _,
| o of reactonds =,mmoc_,>7'}>roduf15

VYo con anily seo fhat He mass of wakn in e epromsnlt sample
| muot A2 1,637 - 0824 = OFb3 g Ha0 B

| Sunca foumudas daol ik rches of o, vt grame, we st Gt
 # el MgSOy '=’%%%@ =0.0068UmA

 #mobe (o = 9‘—%%;,”&= O.0Y4F mol

o  ifweduwily, we brao Ao many elis of 1,0 per medeof MgSoy

whch 1y Yo samme. Koo 0o te humbu of meliadio of K0 pan
# moloo of H,0 _ O.0438 met O
£ mokey Mé&loq ) O-OObngMI:]SOH - oM o F

SwestFrruotbe o
oo ]Q\Ma of epsom solt must be ¢ Mgfoq' 7#-!10 T
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