Graup - verbical column

k'> all elemeats have same number of wolence electrans
ex: group | oll have [ ovter €

0@ ©

(before Ca)

group # = pumbe of voltnee €

* grovps 13-17 4eat s 3-F
*3pr I al ﬁlﬂ ooter shell

Pcriot) - ,‘Ion'zonéa( row

k—)al( tlemeats have same number of electon shells
ex: pum) 3 all have 3 cleckon chells

k-)pm'od # =

k‘) # elemeals in each Ptn’ad = max # of electrons
ineach Shell

numbec of eleckron shells  (befwe Co)

Pm’oﬂ Il = 2 € max 3= e moax
2 = 8¢ max Y= [RE max
Syn’rkc.-l'ic Mman-made clements, not M‘l’um'!’-o“:m’v:,

Feriodic. Table of Elements

atomic number

N
ﬁno

Noa-metals Main') underao covalent bondl'ns bot also ionic bonding with mefals
stmml plopu{u‘es : poor elecirical /ihecmal conductors, doll, bettle , low m.p./b.p.

mialy gas al coom {Cnp (some 2 and S)

Medals

mainly onocrgo mefallic bondinj bot also ionic bonding will non-mefals

3mml pmpzrues : swd elecirical /fhermal mdoc{or.s,sl.;ﬂy , molleable high- m.p./b.p.

nearly all solid at room temp (uly Hg is nok - is 2)

1
* - ¢
Chemical name € Corbon I number of protons (p") in nuclevs @ < —
1 ex: carbon has bp* 2
H chemical Symbol €—1— C He
10 2 : 13 14 15 16 17 400
12.00] —1—> relakive atomic mass (Ar)
s avecage mass of fhe atom (nvclevs only) A ad il R
Li Be *electrons (&™) ot considered as too light (0.0005) B c N [0} F Ne
6.94 9.01 Ar = protons + pevirons (n°) 1081 | 1201 | 1401 | 1600 | 1900 | 2018
Sodum Magnesium Aluminum Siicon "~ Phosphorus Sulfur Chionne Argon
1" 12 13 14 15 16 17 18
Na | Mg Al | si P s cl | Ar
22.99 2431 26.98 28.09 30.97 32.07 35.45 39.95
3 4 5 6 7 8 9 10 1 12
Potassium Calcium Scandium Tranum Vanadum Chromeum Manganese ron Cobat Nockel Copper Zinc Gallum Germanium Arsenc Selenum Bromine Krypton
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca Sc Ti \' Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
39.10 40.08 44 96 47 .88 50.94 52.00 54 94 55.85 58.93 58.69 63.55 65.39 69.72 72.61 74.92 78.96 79.90 83.80
Rubsdium Strontium Yittnum Zirconsum Nobsum Molybdenum Technetum Ruthenwum Rhodwm Palladwum Siver Cadmium Indium Tin Antmony Tellunum lodine Xenon
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te | Xe
8547 87.62 88.91 91.22 92.91 95.94 (98) 101.07 | 102.91 106.42 107.87 112.41 114.82 118.71 121.76 127.60 126.90 131.29
Cesium Barum Lutetium Hatnium Tantalum Tungsten Rhenum Osmaum Induum Patnum Gold Mercury Thallium Lead Bismuth Polonum Astatine Radon
55 56 5770 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs Ba * Lu Hf Ta W Re Os Ir Pt Au Hg T Pb Bi Po At Rn
132.91 137.33 17497 | 178.49 180.95 183.84 186.21 190.23 | 192.22 195.08 196.97 200.59 204.38 207.20 208.98 (209) (210) (222)
Francum Radum Lawrencum | Rutherforanm Dubrasm 5 9 80 WMetrerum 1o Cop Ununtrium Unungentum | Ununh o [
87 88 89-102 103 104 105 106 107 108 109 110 11 112 113 114 115 116 117 118
Fr Ra o Lr Rf Db Bh Hs Mt Ds R Cn Uut | Uuq | Uup | Uuh Uus | Uuo
(223) (226) (262) (267) (268) (271) (272) (270) (276) (281) (280) (285) (284) (289) (288) (293) (2947?) (294)
Lanthanum Cenum Prasecdymwum Neodymwum Promethum Samanum Evropum Gadohnium Terbium Dysprosium Hoimum Erdeum Thullum Ytterbium
. ) 57 58 59 60 61 62 63 64 65 66 67 68 69 70
lanthanides | La | Ce | Pr | Nd | Pm | Sm | Eu | Gd | T | Dy | Ho | Er | Tm | Yb
138.91 140.12 140.91 144 24 (145) 150.36 | 151.97 157.25 158.93 162.50 164.93 167.26 168.93 173.04
Actinum Thorum Protactrum Uranum Negtunom Prtonum Amercum Carum T Bermeium Taformim | Emstesiom Fermium | Mendelevium | Nobehum |
T 89 90 9 92 93 94 95 96 97 98 99 100 101 102
actinides | Ac | Th Pa U Np | Pu |/ Am | Cm Bk cf Es | Fm | Md No
(227) 232.04 231.04 238.03 (237) (244) (243) (247) (247) (251) (252) (257) (258) (259)
Drawing atomic diagrams
ex: corbon C
"> Jelermine P*’ : atomic number
k; P‘,' - 6
debermine € @ Same as alomic number e =06 bpt
(as aloms on dable are nev*ral) '\o = 120l - b bn®
[ = b
. 0 . .
Oodermine n 2 atomic mass - atomic number shells = 2*° period
= 2 shells [2,4]

Metalloids Mo:n') undc(ao covolent bondl'ns with non-metals (M abso ionic bondua)

k-) dedermine nomber of shells : Pcriod number




Chemica ( Bonaifclj

mon: a cl\o\rded otom. Con be Pos.‘{ive (cation) or neaa.{ive (anion)

k-) cations ore fomed by an atom losing [ or more clectrons ké anions ore fomed by an atom gaining [ or more electrons

k‘> }yrn'cally , 100 are formed becavse atoms ‘seek’ fo have a full valeace shell fo become more stable

exX. Chlorine has seven voleace €.

exX: Sodivm has one volence €.
it can cither gain T or lose 7. Easier 1o gain 1

it can cither Jose 1 or goin 7. Easier 1o lose |

+
Il pt . Il pt I1pt
E—
t lle \ } [@] + 10¢ t_|7e
@ net dwrae lose e +| net chorge @ net d\arae

\9 can Prcdid. what i0a on atom will moke I;y exam'm‘/g their grovp number :

Group 2 = 2? Group 14 (%) = maio\ly covelent erp 16 (6) = 2° éroop 18 (8) = already £l
/-

Group | = | velence
no tharse

“ will lose [ .. |t GO"OUP 13 (3) = 3+ GrooP 15 (5) = 3" GNUP 17 (1) =

e,ledroneja{:ivi’cj ! the {cndency of o nvcleus to abtract bom’.'ns electrons. l.e. fhe more it allracls , the more elcc{'mmaaf,ive

depends on  number of probns in nucleus k‘> depends on distance beJween nodevs and bondi's elecfrons

N (0] F
éx more Pmbns
mean Stronger Pua
< ) >

increasing electronegativity

[ decreasing elecironegativity
”

greater distance
means weaker

attractive force

K i€ the diffecence bedween electronegativities is very larae, (>1.4 on Pavling scale), one adom will P"" an electon from another

lonic boadirﬁ : eleckrostatic force of attraction befween ma«hve and pesitive jons. *recalli positive and negobive attract

metals £ead Jo have @ small number (< half of fheir mox) valence elecrons
low clectonegativity —>  tend to donate or remove their outer electran(s)
—> cavsing foll inner shell fo beawme s valeace shell .. becomins cations (+)

©®—=© — O]

[2,8,2] [2,8,6] [2,2] [2,2.8]

Wy

non-metals tead fo have a large number (> half of fheir mox) valence electrons
kisk clec}roneaa}iv.’}y —> tend to recieve or accep‘t their ouler electran(s)
—> cavsing valeace Lo become ou - bccom'nj anions (-)

\>cav\ redict the chemical formula of jonic canwund Ly de{mn{m'ps ionic chagge of eoch element and U‘o:s'o'ﬁ Hhem.
xmetal Pfirst , non-metal second (soffix *ide’)

ex:  potassiom + nitragen X' magnesivm  + chlorine ex: beryllivm +  Solfur
0+) 3- 2*) - 2*) 2-
K= =N Mgl Be .S
K3N M3 Clz Bez Sz 1) reduee to lowest
potassiom nitride mognesivm chloride BeS Common terms
\9 beryllivm sl fide
as SalidS, jonic compoundS bond os lattice \> freely dissolve in water

@eéo M disassociate
® oo
Bed i

8%%%% o brittle: layers shift and break off
@@@@@ [ insvlator: no ree charges, cannot, flow




Chemica ( Bond.‘rcnj conl..

K if the diflecence belween eledroneaa{-.«’vikics is Small (0- 0.4 on Pavling scale), elecdrons will be equa"] Shared behween atoms

Covalent bdndl'ns I dedrosiedic attraction between positive nuclei and o thared pair of electrons

\) tend to occor behveen non-metals as they have a larger valency and hold onlo their electrons (hiah :ledroncsa{ivi-ly)

CI+cI —— cl—cl o+ o —_- O:O N + N—> IN=N:

eleciron pair is shared

so both €l have full volence Sirgle covolent bond represeated by line dovble boad: 2 poirs shared triple boad: 3 poirs shared
\9 con prcdid: chemical formola of covaleat compound simlacly do ionic \9 detemine nomber of bonds lv) dmm‘nj
ex: nitrogen + l\ydroaen . ex: nitrogen + chbrine + oxygen
e T O N+ . :0f  — I—N=O.
NH, H needs 3 needs | needs 2

NCIO

K il the diflecence bedween dedroneaa{u'vil'.ics is mod«auly lach ( >04 > I.F on Paolina scale) declrons will be shared unevenly

Polar covalent bonding) : 1he unequal sharing of clectrons leading {o portial chorges in a molecule (polarity)

N 8 & i
ex: i\ydrosm + oxyacn — A @ H\ /H l\ydrosms have sl:ar{[y - pos.{uve pole
electrons spend O_ Posi(-.ive charge ( S )
{ der.lnms. Telcc}ronej. more Eime arouad 6
o Pul.l. O pull oxygea than hydrogen oxygen has slightly negative charge ( 8')

—> neje\lzive pele

\> two polar molecules will attract one another with indermolecilar bonda‘n3

H drogen bonding : elecdrosialic attraction between ctially positive hydroqen (8%) and a partially neqative atom (6 -)
yoreg 5 P yoes P Y neg

5 st st gt
H H H H 5t 5 ¢ 5 ¢ RS 5
\g/ \o; H— cl H— cl H— cl H— cl
S ¢t
H N o /7 H k) inframolecular bond
I (befween molecules) < (within molecule)

weaker S nger

X if o gfovp 0f identical aloms with low electronegativilies (mekals) are {oaeflvcr, they will all shed dheir valeace elechons

Metallic bandira : elechrostotic attraction between the positive nucle’ and negative delocalized electrons in a metal

o e e leads {0 metallic Profcrb‘es:
@O RORCHCION

@ — . ‘@‘e-@‘e.@ee-@ delocalized € \> good cleckrical and theemal conductor
CHCHCHCE OO0, (m ssmild i

any packiciler atom) e-@e'ec:")ee'@e‘e@:- delocalized € free fo move
metals have a weak hold 1he Posi(:iuc nudei of o @ee'G)eg'@ee’@ and can fransfer heat (c-w”)
on few valence electrons melol aloms will be held e-@:-@:-@:-@:- and ch.’ag cag;'y
Sowill release Them {oac{l\er \yy their attraction
jo the ‘sea’ of delocalived € \') malleable
in o laitice @OO® DDDD  loyers siide past
*Z"‘} @g(%(g@g@ — C’r)@@@@@@@ each other and

@@@'@ femain bonded



Balanc.‘nj chemical equations

Law of conservalion o-f' massS . moatler connol be created or Odestroyed
" fhe number /mass of odoms reacting most be egual fo those in products

reactants em:)ud-
A B;l — A3 X not balanced
| A
23] [ess "B in proc)uct than rcac{-om{ - malter has been &esJ-rcyec)
A+ B, —> JIAB
I Al
2B 17

Steps 1o soving some eguations
® Single displacement (A-)- BC — AC + B) Gi) nevicalization (base + acid —> H,0 + sal’c)
/- balance Ni + QAjNog —> Ni (NOB)z + Aﬂ | - balance 3C0\(0|‘|)2"' H;,Poq—) HO ¢ C03 (qu)a

anion 24 Nog 2 cation arCo 3
2- balance Ni + QAj N03 —> Ni (NOB)z + QAj 2- balance 3Co. (0|-|)2 + 2H3 Pon’ - HI_O + C03 (qu)a
calion 2 Ag ta anion 24 Poy

3Ca (OH), * 2HyPOy — LH,0 + Cay (POy),

combustion (Cax/'/’ + O, > HO + COZ)

I - balance Cb Hl‘l + O, — HO +6Co, Tips and Tricks
carbon C 76
% if a polyalomic ion i present in both reactants and
2 - balance C‘, HN + O, —> 7HO0 +(C0, produdls, fceat as an afom aad balance
;‘Yd"’ﬂ"‘ MHaM ¥ save oxygen and l\ydroacn ondi] fhe end
% double check afl coefficients ace in lowest +eems
C. H” 20, —> 7HO0 +(CO, % dovble check each individval alom is balanced
20 19
- aX AC Hy+10, —>I1HO +i2co,

@ really 03|y /i {ficolt eyuab’ar\ - algebm.’

/- assign variables aS + bHN03 — CHzSOq + JNOZ 48/7',_0
2- sedvp equodions S5 a=-c
H b=2c+ 2e S a=c
N b=4d H =2c + 2e
O %b=H4Hc +2d+ e N =
(®) =qc 3+ 20) + e
Y- substifole e7udion$ e + ¢ = 2¢c + 2e
2c= ¢
| = 2+ 2(2e)
| = 6¢
e . Woa S + |HNoy; — © H,80, +!NO, +:H,0
S tLHNO, — S0, +LNO, +2H,0
I=2(0) + 2e 3 H, S0y 2 A
/- ’/3 = R_C
A A

'/3= e



Alomic, TMolecvlar, and TMolar Tass

atomic mass (A,)i mass of o siAJk atom. in vndefined mass units (o)

molecular mass (M,): mass of a siaqle molecole in vndefined mass units ()

galculaknj M,
&:  (NH,), 504 = a(N)+ 8(H)+S+4(0)
2 (14.01) + 8 (1-01) + 32.07 + 4(16.00)
28.02 + .08+ 32.0% ¢+ bY
132. 17 w

u o uw

molar mass (M): mass of | mole(n) of a single molecule ( g/mol)

g 6.02x 0% A 7uan'}3';)', Jike "dozen Unit: mol

Avcra\ae, A’l’OMEC Mass and /So*opiC. Abundance

1$o+0PCS.' two or more types of ofoms that have the same afomic number bot have different number of nevlrons and . mass

ex: Cacbon - 12 Carbon - 13 Cacbon - 14 &— all same elemcr\l,C, bot Oiflecent mass
Pt o P
n® 6 n° 7 n® 8

Averaae atomic mass: fhe wefjhhé average mass of the aloms in o nafum”]-occurinj sample of fhe element

gxamplc pmblems

@ ~n de}crmin.’ns awcro\ac adomic mass {'rom isoJopu’c abundance ~/

Calevlate fhe average atomic mass of sulfur £ 95.00% of all S aloms have a mass of 31972 w , 076 % has a mass
of 32971 and Y22% hove a mass of 23.9%7w.

| - divide abuwndances 95.007% =0.95 O-76% = 0.0076 4.22 /o = 0.0422
by 100 100 /00 /00

v &dmm‘ne. Pment abundance from average atomic mass v

Naiurally-occun’nj europivm (Eu) consists 0of two isofopes with o mass of 5] and 153.
1€ fhe avtrage atomC mass of Europiom s 16197 w. , what are the abundances ?

|- selup equalion (x)(181) + (1-%)(153) = 5).97

2- calewlate % Euw-15/ 0.515 (100) €u-163= /00-55

51.5 % =48.5%

u n



TMolar Conversions

~ f you Know the amount, of moles of o substance , you can deteemine its mass in (3) and vice-versa ~

= molar mass (S/nnol) X 6.07_‘,0:3
mass mole atoms /
(3 ) ("'“I) molecules
X molar mass (3/mol) - b.ozxzo“

Dfmensiana) amlysis

to CaﬂCC? w\iis, divide by them gx yél X <M.’C(UID may(_/u’e. X 0(0, x
gol

L move in a Jiaaonal maoaner 3" Ml my(ule

E xample pmblems

@ ~ mass —> moles ~ @ ~ moles —> mass ~
/0.6 grams of A3M03 is how many moles 7 how many grams are in 2.4 moles of sulfur?
10.6 fAgNO; x ______mol = 0.0624 mol 24md'S x_33.019 = 76.97
b9.87 & mol )
~ moasSsS —> a*oms ~ @ ~ mo)ccules —> mass ™
how moany afoms are dheir in 8.73 of orgon? what is 1he mass of q.tlx/o“ molecules of Hz?
3 3
8,7,3’ Ar «x mol « 502*10" atoms _ /.3”%/01 afoms 7."(*/01;01&('}[5 x_"”” x&j = 315.'1;13
39.95 4 mot” b-02%/0"* myletules mé|

@ ' massS —> afoms in molecvle ~
how meny atoms of hydrogen are there in 2.3 grams of NH, SO, ?

2.34NH, SO, x vl 602310 moleculés H___aboms of H = 674 x10" atoms
8212 & ol I malgeGle of NH, SO,



Stoichiometric Conversions

Usfrﬂ a balanced chemicsl eguation, we can convert bebween different reactants and products

molecoles of | _= 6.02x10" X 6.01x/0" > molecoles of
Subsfance A + | Subsfance B
moles (mal) of | X molar ratio > moles (mol) of
substance A Substance B
mass (g) of 4 | y [ mass () of
substance A = molar mass X molar mass substance B
(S/vnol) (S/mol)

gxamplc Problems

@ ~ converding mass of one substance fo mass of oanother ~
Aluminum oxide is decomposed using electricity fo produce Aluminum and oxygen gas, O;.
What mass of Al metal can be produced from 1254 of aluminum oxide 7

A|203 —> AI + 07_

|- write o. chemical evrmb’on.

Al,03 —> 4HAl +30,

2Al 4

5301
3~ write informotion undesneadh A|203 — HAl + 30,

1253 ?j
Y- convert mass to mal 1259 Al; O, x_ mol - 226 mol
101.96 9
5- convert mol of one sibstance [.226 mol AlOy x 1 mol A = 2.452 mol Al
fo fhe neded subsiance 2  wma Al;O,

b - convert mol o mass 2452 mol Al x  26.983 = 66-153 Al

mol

@ ~ converting mass of one subslance to afoms of another ~
Ni*roam 928, N, and sodivm are frodur.ed in an avtomobile air bAJ. Iis senera{cd b} +he detwmposi}ion of sodivm avide, Na N, .

How many alms of Na are produced when 80.04 of N are generated in this reaction ?

NONS ﬁ NZ + N&

/- write o chemica) etrmb’cn.

NON3 ﬁ NZ + NQ.

! Na 4
3N 2
- write n'n-rolma{ion underneadh NaN3 —_— Nz + Na
80.04 7
Y - convert moass 4o mol 8003 Nz x _"‘0’ = 2.855 mol
28.02 g
5- convert mol of one subsiance 2.855 mol Np x 2 mol Na = 1.903 mol Na
fo the needed subsiance 3 wmd Ny
b- convert mol +o atoms [.90% mol Na x 6.02 x/0®* molecules = |.146 x/ozq atoms of Na

mol





