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1B Diploma - Chemistry - Structure 1 Topic 1
‘ [ Q

[® J N

of matter

- Howcan we model the particulate nature of matter?

—AiandaLd_LgMgLand_ngbgLLeMaL(_Z_bouts;_‘therp is_noadditional HL content in S1.1)

: What you must be able to do

Statement You must be able to... Level

1.1.1 Elements, Disﬁnguish their properﬁes; homogeneous versus he’rerogeneous mixtures; SL

compounds, mixtures | choose a method (solvation, filtration, recrystallization, evqporoﬁon, HL

distillation, chroma’rography) to separate a mixture

1.1.2 Kinetic Distinguish solids, liquids and gases; name the changes of state; use state SL
molecular theory symbols (s), (1), (g). (aq) in equations L

1.1.3 Temperature Temperature in kelvin measures average kinetic energy; inferpret heating SL

.:t. .I.

and kineftic energy and cooLing curves; convert between °C and K L

What is inside

1. Concep’r notes with 8 worked exqmpLes

2. Seporqﬁon methods with qppora+us diagrqms

3. Common mistakes; investigation (IA) ideas

5.5 Paper TA-style FICQs, explained

— 6-Quick-reference-sheetand}-can—checklist

How to read these notes

= Standard Level confent

= needed at Higher Level only

red = key ferm green = definition

— ana marlein tho ol ccborng
OUTICTITIaT I T e T I oCicTTie

| % Exam tip: The Chemistry data booklet is allowed in Papers 1and 2. In $1.1 you only need it for the periodic

— | table and the Kelvin conversion; everything else here you must Learn.

Independent Notes Bazar study notes for students taking IB Diploma Chemistry. Not endorsed by or affiliated with the International Baccalaureate Organization
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questions-are-originat-exam—styte-guestiens—hotpast-paperquestions-al-figuresare-drawn-by-us:




Elements, compounds and mixtures
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Everything we study in chemistry is built from atoms. How the atoms are arranged and bonded decides what

kind of matter we have. Matter is either a pure substance (an element or a compound) or a mixture.
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Particle models: an element, a compound and a mixture (each colour is a different element).

| Made of

| Properties

| Separation

— Examples

methods.

Element

one kind of atom only; cannot be
broken into simpler substances

by chemical means

fixed properties (meH‘ing point,

density...)

Na, O,, Fe, Sq

Compound

atoms of two or more

elements chemically bonded in

a fixed ratio

fixed properties, different
from those of the elements it

contains

only by a chemical reaction

(e.g. electrolysis, heating with

a reagent)

NaCl, H,0, CO,

Mixture

two or more elements and/or

compounds, not chemically
bonded, in no fixed ratio

vary with composition; each
component keeps its own
properties

by physical methods (no new

substances are made)

air, sea water, brass, crude oil

Definition *~. Element: a substance that cannot be broken down into simpl.er substances by chemical

means. Compound: a substance of two or more elements chemicaU,y bonded +oge+her in a fixed ratio.

Mixture: two or more substances, not chemically bonded, in any proportion, separable by physical

Homogeneous and heterogeneous mixtures

phase): sand in water, oil and water, granﬁe.




FREE SAMPLE | Buy the complete pack at notesbazar.in | page 3 of 13

— Jrhroughou’r, no fixed ratio. (d) Hei'erogeneous mixture: insoluble soil parﬁcLes are visible in water.

[ Worked example I classify the sample

Classify each sample as an element, a compound, a homogeneous mixture or a heterogeneous mixture:
— 1 (a) sodium chloride, (b) oxygen gas, (c) brass, (d) muddy water.
(a) Compound: sodium and chlorine bonded in a 1:1 ratio. (b) Element: only oxygen atoms (bonded in O,

molecules, but all the same element). (c) Homogeneous mixture: an alloy of copper and zinc, uniform

1 A molecule of one element (02, 58) is still an element, not a compound.

\.

J

keep them.

X Don't do this: Saying that a compound is “a mixture of elements”. The elements in a compound

are bonded in a fixed ratio and have lost their own proper’ries; a mixture of the same elements would

\

Separating mixtures

Separation uses a difference in a physical property between the components. The right choice depends on

the state of the componen’rs, their soLubiLi’ry and their boiLing poin+s.

| Method

| Solvation
| (dissolving)

Filtration

| Evaporation /

crys’raU,i 2ation

—— Recrystallization

. Simple distillation

| Fractional

| distillation

— | Chromatography

Separates

a soluble from an insoluble
solid

an insoluble solid from a

liquid

a dissolved solid from its

solution

purifies an impure solid

a liquid from a solution or
from a liquid with a much
higher boiling point
miscible liquids with
different boiling points

small amounts of dissolved
substances (dyes, amino

acids)

Principle and key points

The solute particles are surrounded by solvent particles and
spread +hrou9h the Liquid. Add a solvent that dissolves one
component only (e.g. water for salt and sand).

Particles of the solid are foo big for the pores of the filter
paper: they stay as the residue; the liquid passes through as

the filtrate.

Heat fo drive off the solvent; stop heating when crystals begin

to form and leave to crystallise (or the solid may decompose

or spatter).

Dissolve in the minimum of hot solvent, filter hot (removes
insoluble impuri’ries), cool slowly so pure crystals form

(soluble impurities stay in solution), filter, wash with a little

cold solvent, dry.

Boil, condense the vapour in a condenser (water enters af the
bottom, leaves at the ’rop) and collect the distillate.

A fractionating column gives repeated evaporation and

condensation; the componen+ with the Lower boiLing poin’r

reaches the fop first.

Components are shared differently between a stationary phase
(paper) and a mobile phase (solvent); the one more soluble in

the solvent travels further.
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Filtration pure liquid (distillate)
Simple distillation
,"AA“‘.‘A Y .“A"‘AJ
Cnoosing—a-metnoda

® |5 one component an insoluble solid? Fitfration. Is the wanted solid dissolved? Evaporate/crystallise. Ts

— | thesotventwanted? Simptedistittation.

* Exam tip: Marks in “describe how to separate” questions are for the order of steps and the reason for each

| ("because only the salt dissolves in water”). Always name the property that differs.

— Chromatography and choosing a method g ¢p

In paper chromatography a spot of the mixture is placed on a pencil baseline (ink would dissolve). The paper

stands with its lower edge in solvent below The baseline. The solvent rises, carrying componenTs UPWGYdS at

different rates. Remove The paper before the sotvent reaches the ?op and mark the sotvent Tront at once.

Definition N, Ry =

distance moved by the spot (from the baseline to the centre of the spot)

distance moved by the solvent front (from the baseline)

. Ry has no

unit and lies between 0 and 1. It is constant for a substance in a given solvent and paper, so spo’rs can be

identified by comparing Ry values or by running known samples alongside.




————————— Spot nearer the baseline: Ry = 3.2/8.0 = 0.40; upper spot: Ry = 5.6/8.0 = 0.70. These
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p
Worked example 2: identify using R,
The chromatogram shows two known dyes A and B and a mixture. The solvent front moved 8.0 cm.

— Calculate R f for each spo’r in the mixture and say what the mixture contains.

cm

sobvent-front

8_ _______________________
‘.f,_
6_
- @® ®
5_
_ | 4=
_ 3= [ ®
2_
1_
0_ _____________________________
I basetine
A B mix

— 1 match A (3.2cm) and B (5.6 cm), so the mixture contains both A and B and nothing else.
\

I — paper.

Worked example 3: planning a separation

A mixture contains iron ﬁLings, sand and sodium chloride. Outline how to obtain each substance.

| (M) Passa magnei‘ over the dry mixture to remove the iron (a physical property: only iron is attracted).
(2) Add water and stir: sodium chloride dissolves (solvation), sand does not. (3) Filter: sand is the
residue; wash and dry it. (4) Evaporate the filtrate until crystals begin to form, cool, filter and dry to

obtain sodium chloride crystals.

( \
Practical: running a paper chromatogram
1. Draw a pencil baseline about 1.5 cm from the bottom of the paper and put small, concentrated spots of each
sample on it, well apart.
2. Stand the paper in a covered container with the solvent below the baseline (otherwise the spots dissolve into
— the solvent pooL). The Lid keeps the air saturated with solvent vapour.

—— 3. Remove the paper when the solvent front is near the fop, mark the front immediately in pencil and dry the

4. Measure from the baseline to the centre of each spot and to the front (uncer+qin+y about +0.1 cm with a ruler)
and calculate each $. Compare with known substances run on the same paper in the same solvent.

Colourless spots need a locating agent or UV light first. Small $ values mean the substance is held strongly by the paper (sh}ﬂonary phase); values

— near 1mean it is carried along by the solvent (mobile phase).
. J

Cinetic molecalar 1) e

The kinetic motecular theory is a model thatexplains physical properties by assuming matter is made of

TTTUCITeimnet Sy IIICY 1TUve,
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i

liguid 9as

———— Solid (s) Liguid (1) Gas ()

— | Arrangement close together, reqular | close together, far apart, random

— pattern irreqular

—— Movement vibrate about fixed move past one another | rapid, random, in straight Lines

|| positions (slide) between collisions

_ Forces between strongest strong negligible (very weak)

| particles

| Shape / volume fixed shape, fixed volume | no fixed shape, fixed no fixed shape or volume

[ volume

| Compressible? no hardLly yes (large gaps)

| Density high high low

Use (s)sotid, (L) tiquid, (g) qas and (aq) aqueous (dissolved ih water). A precipitate is an insotubte sotid

formed inasotution, so 1tis(s):

— ¢ N

Worked example 4: adding state symbols

Write balanced equations with state symbols for (a) magnesium ribbon reacting with dilute hydrochloric
acid fo give a solution of magnesium chloride and hydrogen gas; (b) silver nitrate solution mixed with
sodium chloride solution to form a white precipitate of silver chloride (ionic equation); (c) steam
condensing.

(a) Mg (s) + 2HCl(aq) — MgCl; (aq) + Ha (g) (b)

Ag* (aq) + Cl™ (aq) — AgCl(s) (c) HyO(g) — Hy0 (1). Check: (a) 1Mg, 2 H,2 Clon

each side; (b) one silver, one chlorine, net charge zero on each side.

sublimation

L~ o~

A4

r— melting ——— Vaporization

. > . —>

| solid — liguid > gas
A\f""ezi ng condenmm"/l

deposition

red: enerqy absorbed by the substance blue: enerqy released

* Evaporation happens at the surtace at any femperature (the tastest particles escape); boiling happens throughout
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Temperature, kinetic energy and heating curves

Definition . Temperature T" (in kelvin, K) is a measure of the average kinetic energy E, of the

particles: B oc T'. At the same femperature all substances have the same average E, but the

parﬁcLes are not all moving at the same speed.

The kelvin is the Sl unit. A change of 1K equaLs a change of 1°C, but the zero is different: 0 K (absolute

2ero) is the lowest possible tfemperature, where particle motion is at its minimum. Convert with T'/K =

6/°C + 273 (233.15 is also acceptable; follow the precision of the data). A temperature difference is the

same humber in °C and K.

— Convert (a) 25 °C to K, (b) =196 °C (the boiling point of nH‘rogen) to K, (c) 310 K fo °C. (d) Water is

—— (@) 25 + 273 = 298 K. (b) —196 + 273 = 77 K. (c) 310 — 273 = 37 °C. (d) rise = 60 'C =
— 60K
\,

( )
— Worked example S: converting temperatures

— heated from 20 °C to 80 °C; state the +empera1‘ure rise in K.

1 T1=27+4+273=300KandT5 = 127 4 273 = 400 K. Since E}, o< T, the factor is

Worked example 6: temperature and kinetic energy

_ | Agasis heated from 2% °C 0 127 °C. By what factor does the average kinetic energy of its parﬂcLes

increase?

400/300 = 1.33. (The wrong ratio 127/27 = 4.7 comes from using 'C.) The gas is not at "twice"
the energy until it reaches 600 K = 323 °C.

\, J

Heatmg curve of a pure substance

wot qas

120

boiling: Liquid + gas /

G0
~ 80
£ w0 liouid/”
£
S 10
Q.
= 26
+ 0
-20 {OU d MELTING: 0Ld + QU0 (schematic, not to scale)
-40 >
0 3 10 15 20 25 30 35 40

time of heating / min

* Sloping sections: energy supplied raises the average kinetic enerqy, so the temperature rises (the particles move

faster; in a solid they vibrate more).

o Flat sections (meL’ring point, boiling poin+): energy supplied is used fo overcome the attractions between particles

(increasing their potential energy), not to raise the femperature. Two states coexist.

¢ The boiling plafeau is longer than the melting plateau because much more energy is needed to separate particles

[ | b o 1oL LL (]
LUIHIJL&ICLY HIUTTTU e T TITCITT SUIUT,

+empera*ure, and a mixture has no shqrp pLa#equ. This is how meLﬁng poin+ shows purH‘y.
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° CooLing curves mirror heaﬁng curves: the qu+equ at the freezing poin+ is where the Liquid becomes solid, as

energy is released o the surroundings.

Worked example 7: reading a curve

A pure solid is heated s+eadil,y. The femperature is 20 °C at 0 min, reaches 18 °C at 6 min and stays at
38 °C until 11 min, then rises again. State the mel.ﬁng poin1' in K and what is hqppening between 6 and 11

min.

Hel’ring poinf = T8 4+ 273 = 351 K. Between 6 and 11 min the substance is meL’ring, so solid and
l.iquid coexist; the energy suppl.ied overcomes the forces between pqr’ricLes, so the average kinetic

energy and the *empera*ure s’rqy constant.

melting; (e) condensation.
T \L

Worked example 3: which change of state?

Name the change of state in each case: (a) mothballs slowly disappear in a cupboard; (b) wet washing
dries on a line at 15 °C; (c) a kettle's water becomes steam at 100 °C; (d) butter becomes a liquid in a

warm pan; (e) steam on a cold mirror leaves droplets.

(a) sublimation (solid fo gas); (b) evaporation (a liquid o a gas below the boiling point); (c) boiling; (d)

Commown mistakes

| Mistake

| "Air is a compound because it contains

oxygen and nitrogen.”

“Water is a mixture of hydrogen and

oxygen.”

Measuring the spo‘l"s distance fo its

edge, or from the paper's edge
Drawing the baseline in ink
Using °C in a ratio of kinetic energies

"Particles in a solid do not move."
“Particles expand when heated.”
"Boiling is the same as evaporation.”

“The femperature rises during melting.”

Correct idea

Air is a homogeneous mixture: the gases are not bonded and are in no

fixed ratio.

Water is a compound with a fixed 2:1 ratio of H:0 atoms; its properties

differ from both gases.

Both distances in R 7 are measured from the baseline, To the centre of

the spot and to the solvent front.
Use pencil: ink would run in the solvent.
Convert to kelvin first; Elx oc T" only on the Kelvin scale.

They vibrate about fixed posiﬁons. Only at 0 K would motion be at its
minimum.
The particles themselves do not change size; the average separation

grows because +hey move faster.

Both are vaporization. Evaporation happens at the surface at any

femperature; boiling is throughout the liquid at the boiling point.

It stays constant: the energy goes info overcoming the attractions

between parficles.

Investigation ideas (I1A)

pens? Independent variable: the solvent ratio; dependent variable: 2 e control paper, spot size, fime.
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e How does the percen+age of an impurH‘y (e.g. salt) affect the freezing poin1‘ of water or of a solid such as stearic

acid? Plot cooling curves and read the plateau; discuss uncertainty in the thermometer (+0.5°C) and fiming.

e How does the 1‘emperq+ure of water affect the rate at which sugar dissolves? Relate the answer fo the average

kinetic energy of the particles.

Link: Structure 2.2 (infermolecular forces explain the order of boiling points and why substances mix) and Reactivity 2.2 (the distribution of kinetic

eneraies and reaction rate).

e e e

) C
9 - >

One mark each; no marks lost for a wrong answer. Use the periodic table in the data booklet where needed. Answers

and explanaﬁons are on the next page.

1. Which substance is a compound? . Frost forms on a cold window as water vapour in the air

changes d|rec"r'Ly info ice. Whatis the name of this
A brass B argon

bopmao o

TN )
cnange-or-stares

A sublimation B condensation

C sodium chloride D seawater

) ) . 2
2. Which statement describes a homogeneous mixture? C freezing b deposi tion

A It has the same composi’rion +hroughouf and its

components are not chemically bonded.
formation of a precipitate of lead(ll) iodide?

1T has elements chem|cqlLy bonded In a fixed raftio. 9
A Pb*" (aq) + 21 (aq) — Pbl, (aq)

B Pb*' (aq) + 21 (aq) — Pbl; (s)

B

Vadi P N RN ] L L

SR A1V ) V|3IULY bCPqulU I.JHUDC).
D

1.4

1+ contains onlv one kind of atom
H-CORTAHIS-ONYY-ONeKHNG-0+-aTom:

- C Pb*"(s) +2I (s) — Pbl, (aq)

9. A sTudent nub'un lmpure mePL('T oT asoia nar I? much D Pb2+ (aq) + 2 I_ (aq) — Pb12 (l)

e ol sIbe S o e el 9. What is the temperature 3% °C in kelvin?

A fractional distillation B recrystallization A 310K B 236K

C paper chromatography D filtration of the cold C 3K D 213K

mixture only 10. A fixed mass of gas is heated from 2% °C fo0 32% °C. By

4. Ethanol (boiling point 18 °C) and water (boiling point what factor does the average kinetic energy of its

100 °C) mix completely. Which method separates them? ~Particles change?

A fitration B recrystallization A it increases Twetve- BT increases Tourtotd
L£.14

C evaporation to dryness D fractional distillation e
C_it doubles D it d‘m,/q the same

5. In a paper chromatography experiment the solvent

44
TT.

front moves 12.0 cm from the baseline and the centre

spot2 A The particles stop moving
A uLQ B 035 B The enerqy supplied increases the averaqge kinetic
C 0.5 D 033 energy of the particles.

C The substance loses energy to the surroundings as

o~

~Which statement about the particles in-g liquidi

fast as it gains it.
correct?

D The'energy supplied overcomes forces befween
A They are close together, arranged irreqularly and

R | A 4 q L AR 4l (=R s
I.Jul HCLES TS TEUU Ul IUIDIHS elr uver u(_.jl’; RINMCTIC

able to move past one another.
PhPY(J]\,I

B They are in fixed positions in a reqular pattern.

C They are far apart and move randomly.

D They are close foge’rher but cannot move.




FREE SAMPLE | Buy the complete pack at notesbazar.in | page 10 of 13

12. The diagram shows the heating curve of a pure 14. According to the kinetic molecular theory, why can a
substance (not to scale). In which section are both qas be compressed much more easily than a liquid?
liquid and gas particles present? A The particlesof agas B There are large gaps

t T repel each other strongly. between the particles of a
° / qas.
: Q / a liquid.

evaporation?

" A Some particles escape from the liquid surface.
S I B Energy is absorbed by the liquid.
CR R C Bubbles of vapour form throughout the liquid at a
13. Which statement distinquishes a mixture from a fixed temperature for a given external pressure.
compound? D A gas forms from a liquid.

-3

The components of amixture keep theirown

B A mixture aLuays has a fixed meH’ing poin+

C A mixture has its componen+s in a fixed ratio.

D A mixture can only be separqfed by chemical

reactions.

— Aunswers and explanations

1c | 2a | 38 [ wu4p | sc | A [ 3D | 88

9A 1T 10¢c I "D I 128 I 13A I 148 I 15C

1. C. Sodium chloride contains two elements chemicall,y bonded in a fixed ratio. Brass is an alLoy (a mixture of copper

and zinc), argon is an element and sea water is a mixfure.

Z A A |iomogeneous mixture (IOY exampte it or a satt sotuhon) IS unitorm IIirougiioui butits componenls Reep

by N

bes-a-compouna: Dte

3_B.Dissolve in the minimum of hot solvent, ﬁLieLboi,_cQoL;to_cwsiaUJse_tbe_Pum_sQUd_and_ﬁHPr ngnin Distillation is

for liquids and filtration alone cannot remove dissolved impurities.

4. D. Miscible liquids with different boiling points are separated by fractional distillation. Filtration needs an insoluble

solid; evaporqﬁng to dryness would Lose the ethanol.

5.C. Ry = 3.0/12.0 = 0.25. 4.0 is the inverted ratio, 0.35 uses 9.0,/12.0 and 0.33 uses 3.0/9.0. R has no

unitandis aLways less than 7.

8. B. lons in solution are (aq); a precipitate is an insoluble solid, (s). The equation is balanced in atoms and in charqge

(2+ and 2 x 1- give zero).

9.A.T =374 273 = 310K (310.15 K if 233.15 is used). 236 K results from subtracting instead of adding.

10. C. Average kinetic energy is proporﬁonaL to the Jremperai‘ure in kelvin: 300 K to 600 K is a factor of 2. Using the

Celsius values (a Tactor of about 12) 7s the usual mistake.

10
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1.D. Tempera*ure measures the average kinetic energy. During a change of state the energy inpu’r qoes into the

po+en+iat energy of the par’rictes (overcoming attractions), so the femperature is constant.

12. B. Section S is the plateau at the boiLing poin+ where Liquid and qas coexist. Q is the chﬂ'equ at the meL’ring poin+

(solid and liquid); R is the Liquid warming; T is the gas warming.

o o s e .|. s cherment-renchon

13. A. Tn a mixfure the substances are not chemically bonded, so they keep their properties and physical separation i

S

mass.

15. C. Evaporation happens at the surface at any temperature; boiling happens throughout the Lliquid at the boiling

poin’r, when bubbles of vapour can form. Both absorb energy and both make a qas froma Liquid.

Question | (8 marks)

A student runs chromatoqraphy on a black ink X using a mixture of solvents. Reference dyes P, Q,Rand S

are run on the same paper. The chromatogram is shown after the solvent front reached the top mark. All

spofs are shown at the posiﬁon of their centre.

a
3

solvent-front

N

5 [ J o

5_

— @ -

3__

21— [ J [

1_

0_ ______________________________________
basetine

X P Q R S

(a) State why the baseline is drawn in pencil, not ink. iz
(b) Determine the R value of the spot of X that has travelled furthest. {2
(c) Deduce which of the reference dyes are present in X. £
(d) Explain why the three spots of X travel different distances. f2]

[1]

(e) Suggest why X cannot be a single pure compound.

Mark scheme

e (b) distance 6.0 cm and solvent front 3.5cm @; Ry = 6.0/7.5 = 0.80 @

e (c)P,QandR 0 (spots at 6.0, 2.0 and 4.5 cm line up with those of X); S (3.5 cm) is not present

e (d) the components have different solubilities in the mobile phase/ different attraction o the

further o

e (e)a pure compound would give one spoi‘; X gives three, so it is a mixture o

e (a) ink would dissolve/run in the solvent (and contaminate the chromafogrqm); penciL is insoluble

stationary phase (@; the one more soluble in the solvent (less strongly held by the paper) travels

1
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Question 2 (6 marks)

— Naphthalene is a white solid with a melting point of 80 °C. It is also used as-a moth repellent because it

sl nuly changes s+mi9h+ from solid to vapour at room 'l'empem‘l'ure

(c) Convert the meH'ing 'noini' to kelvin 03

(4) Nanbthalene is beated steadil from.25.°C. Exolain ubue the 4 e

even 1'hou9h energy is still culnlntied [2]

Mark scheme

e (a) sublimation 0

e (b) solid: reqular arrangemen’r, par’ricLes vibrate about fixed posiﬁons o; Liquid: irreqular, close

+oge+her, particles can slide past one another o

e (c) 80+ 273 = 353 K @ (353.15 K accepted)

e (d) the solid is melting (solid and liquid present) 0: the energy is used fo overcome the forces

between the parﬁcles, not to increase their average kinetic energy o

Question 3 (7 warks)v data-based (Paper 18 style)

A student heated a sample of a pure organic solid unfil it melted, then allowed the liquid to cool in a test

Tube in air while recording its femperature every fwo minutes. The data are plotted; each cross is a

measurement and the dashed line joins them.

| time / min 02 4 |6 8 10121 16 18 20

| temperature / °C | % |90 85| 81 80 |80 |80 %6 12| 68 64

1oo£
~
%0

OL) ~
\\x~
[) ~
2 & M= HK-Ke
B I‘s~
& 310 x‘~x
o ~ o
§ 60 X
L
50 »
Q 2 Y 4 b4 10 12 14 16 18 20 22
time / min
(o). State the freezing polnt of he substance in.‘C and In K. [2

Mark scheme

e (a)80°C @80+ 273 =353K @

e (b) liquid and solid (both) 0

e (c)(96 —81)/6 @:=2.5°Cmin”" @
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e (d) the liquid is freezing; particles form attractions and settle into fixed positions @ energy is
released to the surroundings at the same rate as it is lost, so the average kinetic energy of the

particles (and the temperature) stays constant @

Quick reference

— 1, Classification
—— element: one kind of atom
1 compound: bonded atoms, fixed ratio
mixture: not bonded, any ratio (homogeneous or heterogeneous)
Separations
filtration (insoluble solid), evaporation/crystallization, recrystallization, simple and fractional distillation,
chromatography (R = spot distance + solvent distance)

— |, Statesand symbols
———— (s) (1) (g) (aq)
1 melting, freezing, vaporization (evaporation, boiling), condensation, sublimation, deposition
Temperature
T/K=0/°C+273; E, < T (inK)
flat part of a curve: change of state, potential energy rises

n n | N
ica” ChetkllSl

LI T can distinguish elements, compounds and [T Tcan describe the Three states with The kinetic

calculate Rf. Ol can in+erpre1' heaﬁng and cooLing curves and convert
between °C and K.

13



