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TO
PECN LRIPTLE,
WHO ALWAYS HADR TIME TO HELP
HIS SON WITH SCIENCE FAIRS
AWE

THE MEMORY OF EMAMUEL GOMNICE ANP
OTTO GOLPSLHMID, CHEMISTS BOTH

THE LARTOOMIST WOULD LIKE TO THAMNK HIS ASSISTANT, MEMEMNS
“‘MOMO™ ZHOL, WITHOUT WHOSE (OMPUTER SKILLS, ARTISTIC ABILITY,
AND 5000 HUMOR THIS BOOK WOULD HAVE TAKEMW FOREVER..

8 HarperCollinsPublishers Copyrighted Material



Chapter |

Hidden Ingredients

THE VERY FIRST CHEMICAL REACTION TO IMPRESS OUR ANCESTORS WAS FIRE.

PERSOMALLY, T WhAS
FIRST STRULE BY
PELAYIMNG MEAT!

WELL, MAYBE FIRE WAS THE SECOND OME, THEN..

WHAT ASOUT T =
PHOSPHORESCENCE?  § | LENCE

FHOTOSYNTHESIS?

AMYWAY, FIRE wAs REALLY, REALLY |IMPORTANT.

B HarperCollins Publishers Copyrighted Materizl



FIRE—AND THOSE OTHER
PROCESSES—REVEALED HOW PO BEANS
HIPPEN FEATURES : TURN INTO

MALOROROLS
OF MATTER. IF you INTESTIMAL GAST

HEAT A PIECE OF WOOD,
ALL ¥OU &ET 15 A HOT
PIECE OF WOOP, AT
FIRST.. BUT SURGEMLY,
AT SOME POINT, THE
WOoOoR BURSTS INTO
FLAME. WHERE BID
THAT cOME FROMT

CHEMISTRY 15 THE SCIENCE THAT ANSWERS THAT QUESTION, ANP CHEMICAL
REACTIONS ARE THE STRAMGE TRANSFORMATIONS THAT REVEAL MATTER'S
HIPPEN PROFPERTIES.

CHEMISTRY 15 A
SCIENCE ABOUT
THE OCeULT, THE
HIPPEN, THE INVISI-
ELE. MO WOMDER
IT TOCOK %0 LONG
FOR CHEMICAL 5E-
¢RETS TO LOME
OUT.. AN IT ALL
STARTED WITH
FIRE.

B HirperColinsPi bl Copyrighted Materiad



PROBABLY THE BEST THING ABOUT
FIRE WAS THAT IT LOULD BE USED
TO ¢ONTROL OTHER ¢HEMICAL
REACTIONS: COOKING, FOR EXAMPLE!

{ MM. BlG IMPROVEMENT o
o OVER PUTRID... i

-
YOU KNOW HOW SCIEMTISTS ARE: IF THEY CAM COOK ONE THIMNG, THEY'LL £O0K
ANCTHER. PRETTY S00N, THEY WERE LOOKING ROCKS,

%\
Ay ‘L\_.

YOU'RE JUST TRYIMNG
TO PROVE MEN CANT
LOOK, ARENT YOUT

A

S0UNDS (RAZY, BUT ONE OF THOSE GREEM, CRUMBLY ROCKS MELTED, CHAMBGED,
AND BECAME AN ORANGE LIQUID THAT LOOLED INTO SHINY, METALLIC COPPER.

THIS ENECURASER THEM
TO SMELT REF ROCKS
INTO IROM.. BAKE MUD
INTO BRICKS.. SAUTE FAT
BAND ASHES INTO SOMF..
ANE (WITHCUT FIRE? TO
CURPLE MILK INTO YOLURT..
FERMENT &SRAIM INTG
BEER... AND LABBALE INTO
KIMCHEE. THE MEAT THING
YOU KMEW, CHEMISTRY HAD
¢ausEr CIVILIZATION!

= HarperCollinsPubiisher: Copyrighted Material



Chapter 2
Matter Becomes Electric

\

i e | ey
MATURE HAP AMOTHER SECRET 2. ==
BCSIPES FIRE.. AT LEAST, IT ,.f I'VE 60T f.
LOOKED LIKE ANOTHER MILLION OF 'EM..

SECRET AT FIRST...

: ,-;s,,_, WHEN THEY RUBBE®R THIS STUFF WITH
FUR, IT ACTED STRAMEELY, ATTRALTING
FLUFF ANP FEATHERS AMF THE HAIR ON
THE BACK OF YOUR ARM.

THE MOMMY-

MURDERING
MINA WAS

REALLY NAMED
AMBER?

LENTURIES LATER, AN ENGLISHMAN MAMED WILLIAM
GILBERT FOUNP OTHER MATERIALS WITH THE SAME

PROPERTY. HE SAIR THEY ALL HAP “ELEKTRA"
h

FORSOOTH, WHAT-
EVER THAT MEANS!

THEM PECPLE MOTIZER THAT THERE WERE REALLY TWO KINDS OF "ELELTRIC
MATERIALS: OME REPELLEDR WHAT THE OTHER ATTRACTER, ANP VIZE VERSA

B HamperCollins Pubiishers C Dpyrighted Materiad



AROUND 1780, POSITIVE, 9AIF FRAMELIN, REPELS POSITIVE:
BENJAMIN MEGATIVE REPELS MEGATIVE: AND POSITIVE
ﬁﬁ?ﬁﬂ”; AN NEGATIVE ATTRACT EAZH OTHER ANP

(- e,

EAMCEL EACH OTHER OUT. IN ORDINARY,

%ﬁfggdﬁgm NEUTRAL MATTER, OPFOSITE CHARGES
KINFS OF ARE PRESENT IN EQUAL AMOUNT.
ELECTRICITY
FPOSITIVE AND
NEGATIVE.

MEGATIVE £HARGES AN SOMETIMES FLOW BUT BECAUSE OF THE MUTUAL ATTRASTION,
OUT OF A SUBSTAMCE, CREATIMG A (HARGE  THE MEGATIVES MAY SUFDENLY FLOW BALK
IMBALAMEE—AM EXLESS OF NESATIVITY  TO THE POSITIVE EHARGE WITH A SPARE.

HERE AMP POSITHVITY THERE..

TWO NIGHTS ASD, BEIME ABOUT
TC KILL A TURKEY BY THE SHOYK
FROM TWD LARSE GLASS JARS®
LOMTAIMIMG AS MUEH ELELTRICAL
FIRE A% FORTY LOMMOMN PHIALS, T
IMAPVERTENTLY TOOE THE WHOLE
THROUSGH MY CWH ARMS AMD BODY,
BY RELENING THE FIRE FROM THE
LHITER TOP WIRES WITH ONE HAMNP
WHILE THE OTHER HELF A £HAIM
COMMECTED WITH THE CUTSIDE OF
BOTH JaRSS

—BEMJAMIN FRANKLIN, 1750

ANE NOW FOR
SOMETHIME
REALLY BI&!

“IET ONE OF THE WAYS THE FUN-LOYING FOUNDUME FATHER LIKED TO AMUSE HIMSELF!

18
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WITH THE INVENTION OF THE ELELTRIC

BATTERY (BY VOLTA IN 1800), OME LOULD RUM
A STEAPY STREAM OF MEGATIVE CHARSE—
A CURRENT—THROUWSH A LOPPER WIRE, AND
MBYBE THROUGH OTHER MATERIALS AS WELL.

~
LHEMISTS TRIEP RUNMIMNG ELELTRIZITY
THROUEH CRIIMARY WATER. TWO METAL
STRIPS, Ok ELEETRODPES, WERE COMHECTER
TO A BATTERY AMD IMMERSED IN WATER.

A5 CHARGE BUILT UP OM THE ELECTROPES,
BUBBLES OF HYDROGEN GAS APPCARED
AT THE MEGATIVE STRIP, OR CATHODE.
BUBBLES OF OXYGEMN FORMEP AT THE
POSITIVE STRIP, OR AMODE.

ELEFTRIAITY 4PLITS
WATER! SCIENTISTS
S00M TRIER THIS
ELELTROLYSIS
{ELECTRIE SPLIT-
TING) OM CTHER
SUBSTANCES. MELTER
TAELE SALT, THEY
FOUNP, YIELPS
METALLY. SOPIUM
AT THE £ATHODE
AND SREEM, TORIE
LHLORIME GAS
AT THE ANOFE.

% A Bl LEAP FROM FINPING
ELECTRIZITY 1M A FEW PLAZES
T SEEING IT EVERYWHERE, BUT

THAT'S SLIEWLE FOR YOU!

= |'|.'-.r:|;;rf,'. I!IIf"-il“.'|_!..'_'li.3_lll.-__: 5

LOME LIVE THE )
IMPUELTIVE METHOR!

;";fxz"-'j ;i;:::"" :‘:__":'ﬂ:ﬂ" -

AIPOTHES/{ @}fﬁ-
P ==z

7 B THE END OF THE 19TH ZENTURY,

“ SEIENTISTS WERE CONVINAER THAT

ATOMS WERE MAPE OF ELECTRIC

INGREDIENTS.

Capyrighted Marerial



Chapter 3
Togetherness

IF ELEMENTS ANP ATOMS
WERE ALL THERE WERE,
EHEMISTRY WOULD BE A
PRETTY PULL SUBJELT.
ATOMS WOLLE JUsT
JIGELE ARCUNE BY THEM-
SELVES LIKE A BUNCH
OF NOBLE GASES, AND
NOTHING WOULF HAFPEN.

45
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..‘

BUT IN REALITY, LHEMISTRY 15 A SORT OF FREMZY OF TOGETHERMESS. MOST
ATOMS ARE GREGARICUS LITTLE ¢RITTERS.. ANP THAT'S HOW WE'RE SOING TO
PRAW THEM, SOMETIMES... A% LITTLE LRITTERS.

THE COMBIMATIONS ARE ENPLESS. METALS BOND TO METALS, NONMETALS TO
MOMMETALS, METALS TO MOMMETALS. SOMETIMES ATOMS (LUMP TOSETHER 1IN

LITTLE CLUSTERS AMD SOMETIMES IM IMMENSE CRYSTAL ARRAYS. MO WOMDER
THE SUBJELT 15 S0... SEAY!

I'® LEAVIMNG YO
FOR POTASSIUM.

& HarperCollins Pablishérs

Copyrighted Material



ATOMS COMBINE WITH EACH OTHER BY ERACHANGING
OR SHARIMNG ELECTRONS. THE PETAILS PEPENDP OM
THE PREFEREMZES OF THE PARTIZULAR ATOMS
INVOLVEDR. POES AM ATOM “WANT" TO SHEDR AM
ELECTRON OR TO PlEK OME UPT AND HOW BADLY?

METALS, AS WEVE SEEN, TEND
TO &IVE UP ELECTRONS, THOUGH
SOME METALS DO 50 MORE EN-
THUSIASTIZALLY THAN OTHERS.
A CHEMIST WOULD SAY THAT
METALS ARE MORE OR LESS
ELECTROPOSITIVE.

' : ©
NONMETALS ARE MORE OR LES% r}‘i 2 f R k/f

ELECTROMEGATIVE: THEY TEND L i .rei:a.i\
TO ACCEPT EXTRA ELECTRONS. SOME (F l

NOMMETALS, LIKE FLUORINE AND \w\& ’ ED/

OXYGEM, AVIDLY GRAB ELECTRONS, “( ;
WHILE OTHERS, 5UCH AS CARBON, ~

CAN TAKE THEM OR LEAVE THEM. \N

B HarperCollins Pubidishers CGP‘_!'L'J'_E:'.!ITI_:. Materral



Chapter 4
Chemical Reactions

O0Ps! SOMEHOW WE FIND OURSELVES MAROCMEDR ON A PESERT ISLAND, HOW
ARE WE &0ING TO SURVIVE? MAYBE WE CAN MAKE SOMETHING USEFUL GUT
OF THE MATERIALS AT HANE..

S : : , OUR FIRST

ot ey FRIDRITY,
MATURALLY,

15 FIRE!

&7
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Combustion, Combination,
Decomposition

T ALL WE NEED 16 ¥ LET'S WRITE A REACTION EQUATION For
BRY WOOD AND | FIRE. WOOD CONTAINS MANY DIFFERENT MA-
ORYGEN! TERIALS, BUT IT'5 MAINLY MADE OF C, H, AND

' O IN THE RATIO 1:2:1. WE ¢AN WRITE THE
EMPIRICAL FORMULA FOR WOOP AS CH,0, AND
THEN FIRE LOOKS LIKE THIS: *

CH,0 (5) + 0, () — €0, (@] + H,0 (@]

e

THE NOTATION EXPLAIMED: THE SUBSTANCES ON THE
LEFT OF THE HORIZONTAL ARROW — ARG CALLED
REALTANTS. oM THE RIGHT ARE THE REALTION = @
PRODUCLTS. -2+ wiLL MEAN THAT HMCAT WhAS ke
ADDED. THE SMALL LETTERS IN PARENTHESES s
SHOW THE PHYSICAL STATE OF THE CHEMIZALS: ‘?-?o}f
g = 6A% s = S0LID: | = LIQUID: aq = DISSOLVER 5 i i
IN WATER. T MEANS AM ESCAPING GAS, ANP | WILL oA j
MEAM A SOLIP SETTLING OUT OF SOLUTION, OR .-.ﬂ;,*rﬂ-
FPRECIFITATING.
L i

50 OUR EQUATION READS: 2
SOLIP WOOP PLUS
GASEOUS ORYGEN ANP
HEAT MAKES GASEOUS
CARBON PIOXIDE PLUS
WATER VAPOR. THIS 15 A
Trrical COMBUSTION
REACTION. (YOU ¢AN
TEST FOR THE WATER BY
HOLPING A £OOL 6LASS
OVER THUE FLAME:
PROPLETS WILL
CONDENSE ONM IT.) L

"WERE LEAVING OUT PARTIALLY Of WHOLLY MONOOMBUSTED FRODUCTS SUEH AS SOOT, SMOKE, 00, ETC

&g
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NOW THAT WE HAVE FIRE, WE'LL WE BUILD A STOME STOVE AND FUEL IT WITH

MAKE A BETTER FUEL: £HAR- CHARCOAL . CHARCOAL'S LOMBUSTION 15 A
COAL. WE PUT DRY WOOP AND COMBINATION REALTION (A+B — AB X
COCOMUT SHELLS 1M A& PIT (TO

LIMIT AVAILABLE OXYGEN) AN CGs) + Oye) — €O

FIRE IT UP. THE REACTION 15"

YOU LIKE
'- g

THIS 15 A PECOMPOSITION
REACTION (OF THE FORM

AE — A + B IT MAKES ELEMEM-
TAL CARBOM, OR (HARCOML.

IN THIS OVEN WE (AN MAKE POTTERY. WE 5C00P A FINE-GRAINER MINERAL,
KAOLINITE, FROM THE LAKE BOTTOM AND GRIND IT WITH A LITTLE WATER TO
MAKE A SMOOTH KAOLIN (LAY, AL 5L,0.(CH),. WE SHAPE THIS INTO VESSELS
AND FIRE THEM IN A HOT OVEN:

3A1,5i,0,(0H), (5) 2+ AL5i,0,(s) + 45i0,() + 6H,0 ()]

THE FIRST PROBUCLT 15
CALLEP MULLITE. THE
SECOND, 510, , 15
SILICA, OR SANP—ANE
MELTER, IT's GLASS.
WHEN THE CLAY 15
FIRED, MULLITE FUSES
WITH THE GLASSY SILICA
TO FORM A VERY HARD,
WATERPROCF POT.

L

“MORE OF LESS. AGAN WE IGMORE TRACE REATANTS ANT PROTAATS.

&9

o , N ” e &
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Chapter §
Heat of Reaction

EHEREY?
WHAT EMERGY?

IM THE LasT
CHAPTER, WE
LOOKED AT
CHEMIZAL
REALTIONS AS
TRANSFERS OF
MATTER. WE
KEPT A CAREFUL
ALLOUNTING OF
ATOMS A5 THEY
REARRANGED
THEMSELVES.

MOW WE LOOKE
AT REALTIONS
ANOTHER WAY:
AS TRANSFERS
OF ENERGY.

75
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PHYSICISTS PEFINE EMERSY MECHANICALLY, AS THE ABILITY TO RO WORK.* work
15 WHAT HAPPENS WHEM A FORCE OPERATES OM AN OBJELT OVER A DISTANLE:
WORK = FORCE X PISTANCE. THE METRIC UNIT OF EMERSY 15 THE NEWTOM-METER,
or JOULE.

POES THE MASS
OF THE OBJECT

EHEMISTS CARE
ABCUT WORIK, TOO
(AN EXPLOSION DOES
WORK), BUT WE
ALSO LARE ABOUT
OTHER FORMS OF
EMERSY: CHEMICAL
ENERSY, RAPIANT

ENERGY, AND HEAT. RACIONT PR PULNT ENERGY
EAZH OF THESE HAS g
¥ FROM SUM
THE ABILITY TO PO SN WCKTS AR v
WORK. Y ZHEMICAL PRO-
HOT AlR RISES b i
[PHOTCSYNTHESIS,
{WORK) ETED
Y
PLANT &RCWTH
WORK)

OME KINP OF ENERGY AN BE COMVERTED INTO ANOTHER KIND, BUT EMERSY 15

MEVER CREATER OR PESTROYER. THATS A LAW-THE LAW OF CONSERVATION
OF ENERGY.

.

“MOT TO BE SOMFLMSED WITH USEFUL WORK.
aé
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LET'S EAAMINE MECHAMICAL EMERGY MORE CLOSELY. IF T PUSH THIS £OCOMUT, IT
MOVES... ANP THE LONGER ANP/OR HARDER I PUSH, THE FASTER IT &OES. (THIS
15 CLEARER IN OUTER SPAZE, AWAY FROM FRICTION AND GRAVITY.) BY DOING
WORK ON THE COCONUT, T APP ENERGY TO IT: KINETIC ENERGY (K.E.), THE
ENERGY OF MOTION.

! .2
2 - MY
2
=
BAZK ON EARTH, 1 STATIGMARY, ' A5 THE COCOMUT |
PUSH TUE LOCONUT o KE, R SLOWS AND LOSES
AGAIN, BUT 1M Ak HIGH FE. i r KE, IT SAlNS
UPWARP DIRELTION. : : POTENTIAL
THE £0CONUT FLIES ! 3 ENERSGY (P.E.).
UP, BUT IT $LOWS ot 1@ %) THIS 15 ENERGY
UMPER THE PULL SONE FE : i THAT DEPENDS
OF GRAVITY. EVEN- i : OM THE BOUYS
TUALLY IT $TOPS ' ' POSITION IN THE
AMD BEGINS TO HIGH SPEED, CARTH'S GRAVITA-
FALL. WHAT BECAME HiGH E. TICMAL FIELE.
OF THE ENERGY I KE + PE 15
Avpere? COMSTANT.

IT TURNS OUT THAT ALL FORMS OF ENERGY CAM BE UNDERSTOOPR IM TERMS
OF KINETIZ AN POTEMTIAL ENERGY. RAPIANT EMERGY, FOR INSTANCZE, 15 THE
K.E OF MCOVING PHOTOMS, OR LIGHT PARTICLES.® THERE 15 POTENTIAL ENERGY
STORED IN CHEMICAL BOMDPS. AND HEAT 15.. MEAT 15.. WHAT |6 HUEAT, ANYWAY?

}

"THE “LIGHT™ MEER MOT BE VISIBLE. MOYIMG PHOTOMS SOMYVEY THE EMERGY OF ALL ELECTROMASHETIE
RACIATION, FROM X-Fhr'S TO RADID WAVES,

fran
i

IT% HARD TO -\
PESCRIBE WITHOUT
SCREAMING.

P ——

a7
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Chapter 6

Matter in a State

UNPER CRPINARY CONPITIONS—OUTSIDE OF $TARS, SAY—MATTER LOMES IN
THREE STATES S0LIR, LIGUID, ANP GAS.

"~ ™
IN $0LIPS, PARTICLES ARE LOCKED
TOSETHER IN A RIGIR STRULTURE. A
SOLIF HAS BOTH A DEFINITE SHAPE
ANP YOLUME,

IN LIQUIPS, PARTIELES LLING
TOGETHER, BUT CVERALL STRULTURE
15 LACKING. A LIGUID HAS A PEFINITE
VOLUME, BUT ITS SHAPE CONFORMS
TO TS CONTAINER,

IN GASES, STRUCTURE 15 ABSENT,
PARTICLES FLY ARCUND ALMOST
TOTALLY INPEPEMPENTLY. A GA%
HAS MEITHER A FIXER SHAPE MOR
VOLUME, BUT WILL EXPAND TO
FILL ANY LOMTAIMER.

105
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WHAT HOLDS sOLIDS AND LIQUIDS
TOGETHER? THE ANSWER LIES WITH
INTERMOLECULAR FORCES
CIMFs)} WITHIN THE SUBSTAMCE.
THESE ARE ATTRACTIONS BETWEEM
MOLECULES (A5 OPPOSED TO THE
BONPS WITHIN A MOLECULE).

BREN'T YOU &LAR
FOLIPS AND LGRS
PON'T EXPAND TO
FILL SPACE?

I PONT ENOW..
MIGHT BE FUN!

-~

ONE IMF WE HAVE ALREAPY ENCOUNTEREPR 15 THE HYDPROGEN BOND. N
WATER MOLECULES, ELECTROMS STAY (LOSER TO THE OXYGEN ATOM, 50 THE
HYPROGEN ATOMS EFFECTIVELY CARRY A POSITIVE CHARGE. THIS ATTRALTS
THEM TO THE MESATIVE POLE OF ANOTHER WATER MOLECULE

HYPROGEM BONDS ARE
PEMOTER BY THREE POTS

BECALISE OF 1TS TWO ELECTRIC FOLES, & WATER MOLECULE 15 ¢ALLER A DIPOLE.
MENY OTHER MOLECULES ARE PIPOLES, TOO, AMP THEY ATTRALT EACH OTHER
ENP TO CHARSEP ENP. PIPOLES MAY ALSO ATTRALT I1OMS,

1026
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NONPOLAR MOLECULES AN BECOME DIPOLES. FOR EXAMPLE, WHEN AM 1ON MEARS
A MOLECULE, THE ION'S CHARGE ¢AM PUSH OR PULL THE MOLECULE'S ELECTROMS
TOWARD ONE END. THE MOLECULE BECOMES AN INDUCED DIPOLE, AND OME

EMP 15 ATTRACTER TO THE ION. A PIPOLE CAM INPULE ANOTHER DIFOLE, TOO.

HERE, LI'L
ELELTRONS!

15 THAT WHY THEY
CALL IT “ATTRALT-

EVEN THE GHOSTLY FLIGHT OF ELECTRONS WITHIN AN ATOM Of MOLECULE
CAM MAKE IT AN “INSTANTANECLS" PIPOLE—WHIZH £AM THEM INBUEE A MEARBY
ATOM OR MOLECULE TO BECOME A BIPOLE, ETC. THE RESULTING RIPPLING
ATTRALTION 15 ¢ALLER THE LONDON PISPERSION FORCE.

2 AR o
..L((I ) %), = Q@ ‘G:};_: @_@)] Vo Q
__,.,:" _____',/ "

SN—

A TEMPORARY LHARGE IMBALAMCE SETS OFF A RIPPLE OF PIPOLE-DIPOLE ATTRALTIONS.

ALTHOUSH THEY ARE ¢ALLED INTER- i
MOLECULAR FORZES, THESE ATTRAZTIONS
PO NOT OFERATE OM MOLEZULES OMLY.
NOBLE &A% ATOMS, FOR INSTANCE, FEEL
THE LONFON RISPERSION FORCE.

g AND WHAT'S THE * THAT WOULR
BE AN |[ROMIE

FROM MOW OM, WE'LL BE A LITTLE LOOSE
WITH LAMGLUAGE AMDP SOMETIMES REFER
TO IMFs A5 BOMPS. BOMDPS OR IMFs:
THEY'RE ALL ELECLTRIC ATTRACTIONS BE-
TWEEN PARTICLES!

17
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Chapter 7
Solutions

ALAKAZAM! ALAKAZORIPE!
SAPPEAR SOPIUM!
PISAPPEAR CHLORIPE!

WEVE JUsT LOOKEDR AT
STATES OF MATTER OME

AT A TIME.. NOW LET'S J‘-?fh ,
COMBINE TWO OF THEM— 3
OR RATHER, LET™S £OM- -&

BINE SOMETHING, AMY- *
THING, WITH A LGP

FOR INSTAMEE: ADD A
PINEH OF TABLE SALT
TO A FLASK OF WATER.

ms LIKE
Maslc!
LM... 168°T
IT?

MAGIC 15 OHLY
MAGIE IF IT'S
UMEXPELTER .

THE SALT, A5 WE sbY, PDISSOLVES IM THE WATER.
129
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SAY, WHERED l THE MASIE OF
YOU COME CARTOOMING.
FROM, ANYWAY?

WHEN A SUBSTANCE DISSOLVES IN A LIQUID,
THE COMBINATION 15 ¢ALLED A SOLUTION.
THE LIQUIF 15 THE SOLYENT, ANF THE
DISSOLVED MATERIAL 15 THE SOLUTE.*

Solute + Solvent
— Solution

A FISSOLVEDR SOLIP FALLS APART IMNTO FOR EXAMPLE, SOPIUM cHLORIDE, Mall,
ITS INPIVIPUAL COWSTITUENT PARTICLES, PISSOCIATES 1M WATER INTO SINGLE
EITHER I1ON% Of MOLECULES. GASES ALSD Ma® AMP LI I1ONS, WHICH BINP WITH
PISSOLVE MOLECULE BY MOLEEULE THIS THE WATER MOLECULES.

EXPLAING WHY SOLUTIONS ARE USUALLY

TRAMSPAREMT. J';:' \ ~ 9;‘,“ "‘“:k'i.,‘
) o NS O-
)‘;- .(_? - | _‘: A f-

R

} i “‘o = = n:’?-{
,L-\ o= {j.: il '-] [
S Sx oSy O ek
Vﬁ." * D"' L u* ."‘3 (-

SUGAR—=SUCROSE, £, H,,0, ~BREAKS INTO VINEGAR, A $OLUTION OF ACETIC ACID,

WHOLE MOLECULES. (WATER MOLECULES ﬁH,f‘DEH. COMTAING HYPROSEN 1OMS, H*,
LIKE ITS OH &ROUPS.D ALETATE 1OMS, CHEIZG{, AME MUZH
{:H!miu STILL 1N £OMBIMATION.
4 ae At
L4 -9 b 7 / 2 Gﬂ
e i' L I‘Ilu..I )
é 'ﬂ\l} -0 5 ¢ O.g-0® v A,
B‘, | | =~ L \.,. o " H-f ‘D li
«~H I H - z - =
! W - H 5

"
E"Q P"'J.« 5 ‘\_0 ":‘ 'r

SALTUALLY, A SOLUTION CAM BB SOLID OR GASEOUS TOO. ANY HOMOGEMEOUS MIRTURE OF TWO
OR MORE SUBSTAMCES 15 JOWSIFEREDR & 0OLUTION, WHATEVER TS FHASE.

] e Fa
/ o 2=, &
C:' I ,‘ J‘*‘ll O _‘!__
d woW E)" ':Oz:l'\"_— ;;'. N !

Y
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LET'S LODK MORE LLOSELY AT THE PISSOLVIMG PROCESS. IMAGIMNE A CHUMK OF
MATERIAL IMMERSED M LIQUID. IM ORPER TO PISS0OLVE, SOME OF ITS PARTIZLES
MUST BREAK THE BONDPS THAT HOLP THEM TOSGETHER ANE FORM NEW BONES WITH
MOLECULES OF LIGUIR. SIMILARLY, IMFs WITHIM THE LIGUIR MUST ALSO BE OVERCOME

©0£E)0 g L
) ] e
O@é{ﬁ @Qf‘f{}

c«o— gﬁ
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EACH FREE SOLUTE PARTICLE ATTRALTS OME OR MORE
MOLECULES OF SOLVENT, WHICH ELUSTER ARCUND [T
IN A SOLVENT “CAGE" THIS PROCESS OF BREAKIMG
AMP FORMING BONDS |5 CALLER SOLVATIOM.

ALL THI% BONP REARRAMGING
MEAKS THAT PISSOLYING 15
A CHEMICAL REACTION.
AMONE OTHER THINGS, THEN,
IT HAS AN ASSOCIATED CMTHAL-
PY CHAMGE, WHICH MAY BE
FOSITIVE OR MEGATIVE.

FOR ERAMPLE, WHEN MAGNESIUM
LHLORIPE, Mall,, PISSOLVES IN
WATER, IT HAS AM EMTHALPY
OF SOLVATION

AN = 119 kT mel

HIGHLY ENPOTHERMIC! A MERE
4g OF Mally (= .042mal) IN
50wl (= 509) OF WATER
FROPS THE WATER'S TEMPERA-
TURE BY 23.9°C (BY THE BASIC
CALORIMETRY EQUATION).

Mgl
WHE

CHEMIZAL £OLP PACKS ARE IM FALT MAPE FROM
ANE OTHER SALTS THAT ABSORE HEAT
RISSOLVEDR 1IN WATER.

MORE OMN EMERGY IN

THE MEAT £HAPTER..

BUT FOR NOW.. I'M
EHILLIN... AHHH..

B Harperollins Pubiiishers
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Chapter 8
Reaction Rate and
Equilibrium

IN CHEMISTRY, WE CARE ABOUT NOT ONLY WHAT REACTS, BUT ALSO HOW
FAST. BLACK POWDER EXPLODES IN A FLASH, WHILE THE SUGAR IN YOUR
COFFEE MEVER SEEMS TO PISSOLVE FAST ENOUGH. WE TRY TO $PEED UP
ENVIROMMENTAL CLEANUP AND RETARD RUST AND AGING. IN OTHER WORDS,
RATES MATTER!

I't LIKE
TO SPEED

ur HIS
RATE!

BT FIRST SlGHT, NOTHIMG SEEMS MORE OBVIOUS THAM THAT EVERYTHING HAS A
BESIMMING AMD AN ENP®

—SANTE ARRHEMIVS, 1963 MOBEL FRIZE WIMMER IM CHEMISTRY

141
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WHAT'S THE RATE OF A CHEMICAL REAZTIONT WE BEGIN WITH THE ULTRA-SIMPLE
CASE OF ONLY OME REACTANT:

A — PRODUCTS @"]

HERE THE REACTION RATE
ry 15 THE RATE AT WHICH
REACTANT A 15 USED UP OVER
TIME. IT MAY BE EXPRESSER IN
MOLES PER SECOMP.

WELL, THIS ALL
SEEMS RATHER

IF A 15 IN SOLUTION, r,
UsUALLY REFERS TO THE RATE
AT WHICH CONCENTRATION [A]
CHANGES, IN MOLES PER LITER
PER SECONP, AMP IF A 15 A
&AS, 'y MAY REFER EITHER TO
CONCENTRATION OR PARTIAL
PRESSURE Py, WHICH AMOUNT
TO THE SAME THING.

B

»

FOR EAAMPLE, IN THE LOWER ATMOSFHERE, SUMLIGHT FALLING ON MITROSGEM
PIORIPE, MOy, CAUSES IT TO BREAK INTO NITRIE OXIPE, MO, AND A LOOSE
OXYGEM ATOM (CALLED A FREE RADICAL}

NO, —— NO + O

(THE FREE ORYSEN GOES ON TO BING WITH O, TO FORM OZOME, 0,. OZONE
AND THE NITROSEN ORIPES ARE AMONG OUR MASTIER AR POLLUTANTS.)

142
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AT MIDDAY, NO, MAKES UP ABOUT 20 PARTS PER BILLION OF THE AIR—20 MOL
OF NO, PER BILLION MOL OF AIR—OR 20 MOL OF NO, IN 244 x 107 L OF AIR

(AT 25°C). 50 MOLAR CONCENTRATION |5 [NO,] = 20/(244 % 10°) = 82 % 10°%
MOL/L. LET'S TAKE AN AIR SAMPLE, AND MEASURE [NO,] EVERY 40 SELONDS AS
IT PECOMPOSES. WE WRITE [A], FOR THE CONCENTRATION OF NO, AT TIME t.

t Al
M GOING PECOME— CLBAR.. g g thlp
CENTURY.. 8o 410 Al N2
120 50
160 2.05 qA1 /A
206 145
240 102 A1 8
280 T2
320 51 AL M6
260 36

THE REACTION CERTAIMLY SLOWS CVER TIME. IN 10 LITERS OF AIR, 2.4 MOL
([A),- [A),,) WERE USED UP IN THE FIRST 40 $EC, BUT ONLY £.21 MOL IN
THE 40 5ELONPS BETWEEN & = 280 AND t =320 ([Alypp - [Alsss)-

THE PECLIME HAS A PATTERM:
HALF THE REMAINING
REACTANT 15 CONSUMED
EVERY 80 SECONDS. AT

t = 80 SEL, HALF THE MO, 15
LEFT.. AT 160 5EC., A FOURTH
REMAINS.. AT 240, AN EIGHTH,
ETC. WE SAY THE REACTION HAS
A HALF-LIFE, h, OF g0

SECONDS, DURING ANY INTER- i n
VAL OF LENGTH h, HALF THE [A] nh = ( ' l 2) [A]o
W

REALTANT 15 £LOMSUMER. IN n

HALF LIVES, THEN: N HALE LIVES

143
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Acid Basics

AcIPS, SOUR AMP AGGRES-
SIVE, ARE EVERYWHERE: IN
SALAD DRESSING, RAINWATER,
AR BATTERIES, SOFT PRINKS,
ANE YOUR STOMACH. THEY
¢AN BURN, (ORRODE, PIGEST,
OR ADD A PLEASANT TAMEG
TO FOOP ANP DRINK..

BASES, BITTER ANE? SLIPPERY,
MAY BE LESS FAMILIAR, BUT

ARE EXALTLY AS COMMON AS
AEIPS, YOU'LL FIMNE THEM M
BEER, BUFFERIM, S0MF, BAKING
S0PA, ANP PRAIN ELEANERS..

ALIDPS ANP BASES ARE SOME-
TIMES USEFUL, OFTEN HARM-
FLL, AMD ALWAYS A GREAT
OPPORTUMITY TO PLAY WITH
EGUILIBRILUM £ONSTANTS!

Chapter 9
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A2IDS AND BASES ARC INTIMATELY £OMMECTER VIA PROTOMS, LE. HYPROGEN 10MS, HY

AW AZID 15 ANY SUBSTANCE THAT THROWS SINCE MAKED PROTOMNS ARE WILP,
OFF PROTOMS. THE 4TRONGER THE ALID, AGGRESSIVE LREATURES, STROME ALIRS

THE MORE EASILY IT SHEDS W™ ARE VERY REACTIVE.
: q

o P D 0

3 -

)
x|

& BASE 15 ANY SUBSTANCE THAT TAKES THE STRONGER THE BASE, THE MORE
UP FROTONS. BASES GEMCRALLY HAVE AM STRONGLY IT WANTS TO BONP TO A
EXPOSER ELECTROM PAIR WHERE A PRO- PROTOM,

TON £AM MESTLE. .

&S YOU CAM SEE, AN AZIR 15 JUST A BY DEFIMITION, THE $TROMEER AM AZIR,
PROTOM ATTAZHER TO A BASE! AN AZID THE WEAKER ITS LOMIUGATE BASE, AND
AND BASE PAIRED [M THIS WAY ARE VICE VERSA.

ZALLEY CONJUGATE TO EACH OTHER

STRONG AR, WEAK  WEAK AR, STRONG
COMIUGATE BASE,  COMIUGATE BASE, TiGWT-
LOGSE PROTOM LY BOUME PROTOM

166
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SOME LONJUVGATE ACID-BASE PAIRS:

ALIDS, STRONGEST
TO WEAKEST

BASES, WEAKEST
TO STRONGEST

SULFURIE, H,50,
HYPROIORIC, HI
HYPROBROMIC, HBr
HYPROCHLORIE, KL
NITRIE HNO,
HYPRONIUM, H,0°
BISULFATE, H50,"
SULFUROUS, H,50,
PHOSPHORIC, H PO,
HYDROFLUORIZ, HF
NITROUS HNO,
ALETIC (VINEGAR), CH,COH
CARBONIC H,LO0,
AMMONIUM NH,*
HYPROCYANIC, HEN
BICARBONATE, HLO;"
WATER, H,0

BISULFATE, HeO,~
wopwE, T
BROMIDE, Br™
EHLORIDE, CI7
HITRATE, NO3~
WATER H,O
SULFATE, 50,2
BISULFITE, H50,"
H,PO,
FLUORIDE, F
MITRITE MO
ACETATE, CH,L0,

BICARBONATE, HCO;

AMMONIA NH,
CYANIDE, CN-
CARBONATE, £0,;*
HYPROMIDE, OH™

HarperCaollins Publshers
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Chapter 10
Chemical Thermodynamics

A HARD, THEORETICAL CHAPTER THAT EXPLAING
WHY EVERYTHING HAPPEMS

WHEM YOU ZONTEMPLATE
THE UNMIVERSE, YOU HAVE
TO APMIT IT LOOKS PRETTY
IMPROBABLE. THE SPECTALL-
LAR SPIRALS OF GALAKIES..
THE RESAL REGULARITY OF
PIAMONDS.., THE £OMPEL-

LING LOMPLEAITY OF LIFE.
THE MURKY MYSTERIES OF

CHEMISTRY EAPLAIMER WITH

THE REASSURING THEME OF THIS LHAPTER 15: THUE UMIVERSE &ETS LESS
IMPROBABLE ALL THE TIME

L
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FOR EXAMPLE, A BRICK FLIES THROUGH YOU MEVER SEE A BRICK HIT A PUPPLE
A WINPOW, ANE THE GLASS SHATTERS OF GLASS FRAGMENTS AME LALSE THEM
AMP &0ES FLYIME. TO FLY UP TO MAKE A WINFOW!

. \ \

Cie: SOME AIR 15 LET INTO A VACLEM YO MEVER SEE ALL THE AR M A

CHAMBER AMD QUIZKLY FILL® LP THE ROOM FLY INTO THE CORMER. (OR IF

SPALE. YOU B0, YOU POMNT LIVE TO TELL THE
TALE)

THE REASOM IS THE
SAME 1IN BOTH LASES:
THERE ARE MANY, MANY, 5 -
MANY MORE WAYS FOR .
THINGS TO FLY

aeart or soreae SPOﬂtaneouS ’ '
Zioneall processes tend to .

TOWEETHER AMP &ET L]
CONCENTRATED. SPREAD- [ spread thmgs out.
ING OUT 15 VASTLY
MORE FROBABLE, ITS A . - » .
GEMERAL PRIMEIPLE OF
THE UMIVERSE:



YOU MAY OBJECT THAT PIZKEING UP A BROOM ANP SWEEPING THE GLASS SPLINTERS
TOSETHER |15 A COMCEMTRATIMG PROCESS. AND YOU'D BE RIGHT.

= = = b=
BUT 1 REPLY THAT IM ORPER TO SWEEF, M FACT, T COULDNT HAVE MOVEDR 1IN
I HAYE TO MOVE MY BORY. MOVIMNG THE FIRST PLACE WITHOUT EATIMG, AND
INVOLVES CHEMICAL REALTIONS THAT EATING GEMERATES WASTE THAT GETS
SPREAD HEAT INTO THE EMVIROMMENT. SPREAD ARDUNE TOO.

THE FOOP T EAT ULTIMATELY DEFENDS OM SOLAR  wou WAVE TO LOOK AT THE
EMERSY, WHIEH SPREAPS A TERRIFIE AMOUNT OF I

MATTER AMDP EMERSY INTO THE UMIVERSE. gﬁTFlgiiEH#;:umﬁER
ANP/OR EMERSY W A SYSTEM
I MORE THAM OFFSET
BY A GREATER AMOUNT OF
SPREAFING-OUT ELSEWHERE
IM THE UMIVERSE. THE
OVERALL EFFELT IM
THE UNIVERSE AS A
WHOLE 15 TO SPREAD
THINGS OUT.

193

2 HarperColling Pubiishers Copyrighted Material



Chapter 11
Electrochemistry
B

IN WHICH LIGHTS BLAZE AND BELLS RING, 7

e,
RN UNTIL THE BATTERY RUNS DOWN... o
o W ’
_ s
™
ko N THE
LAST £HAPTER,
P WHEN WE SAID
- ENER&Y COULD
- BE EXATRALTED
- FROM CHEMICAL
- REACTIONS, WE
P SECRETLY WAD A
= £ERTAIN KING OF
i EMERGY IN MIND:
- ELECTRICAL
EMNERGY.
®© 6 @ (c
6 G006 © _\]G WP
<] =
©  REACTIONS THAT MOVE ELECTRONS AROUND, YOU MAY RECALL FROM @E

@ CHAPTER 4, ARE CALLED REDOX REACTIONS. REDOX REACTIONS
© TRANSFER ELECTRONS FROM ONE ATOM TO ANOTHER, AND WE o

©  WOULD LIKE TO MAKE THAT TRANSFER HAPPEN BY A ROUNDABOUT
© PATH, PASSING THROUGH A LIGHT BULB, FOR INSTANCE!

B HarperCollins Publshers Copyr
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Redox Redux

" REDOX 15 SHORT FOR REDUCTION-OXIDATION. IN A REPOX REACTION,
THE ATOM DONATING THE ELECTRONS 15 OXIDIZED, AND THE ONE ACCCPTING

THEM 1% REDUCED.

A REPULTION ALWAYS

REDULES THE
CRIPATICN MUMBER!

AN ATOM'S OXIDATION NUMBER 15 THE
NUMBER OF EXCESS CHARGES DUE TO THE
LO%S OR GAIN OF ELELTRONS. FOR INSTAMZE:

EH, + 20, — €O, + 2H,0
[N | N

=4+ & 4 -2 +1 -2

( OM THE LEFT $IPE OF THE EQUATION, OAYSEN'S NUMBER 15 ZERO. EAZH ORYGEN
ATOM TAKES ON TWO ELEATROMS AND S0 19 REPULER TO -2. THESE EIGHT
ELECTROMS (2 ¥ 4) LOME FROM CARBOM AND OXIPIZE IT FROM -4 TO +4.

HYPROGEN 15 NMEITHER CAIRIZED MOR REPULED.

»@ﬁ,@“‘? Z *ﬁ@ |

e
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IN CHAPTER 4, WE SAW OXIDATIONS PERFORMER
MOSTLY BY MON-METALS LIKE OXYGEN, BUT SPARE
REDOX REACTIONS ARE ALSO COMMON AMONG ELECTRONS?
METALS AMD THEIR 1OMS. FOR EXAMPLE,
ZIN¢ SHEPS ELECTRONS MORE READILY THAN
¢OPPER. WHEN Zn MEETS A Cu?* 10N, TWO
ELECTRONS JUMP FROM ZINE TO COPPER. Cu®*
OXIDIZES Zn, AND Zn REDULES (u?",

Zn + U — Zn? 4 Cu

IF A ZINE BAR 15 IMMERSER IN A SOLUTION OF COPPER (T1) SULFATE™ Cus0,,
THE ZINE METAL SLOWLY ORIRIZES ANR PI950LVES, WHILE COPPER IONS PICK
UP ELECTRONS ANR FALL OUT OF SOLUTION AS PURE METALLIC COPPER.

(7

IM THIS REACTION, ELECTROMS MONE STRAIGHT FROM OME
ATOM OR ION TO ANOTHER. BUT NOW WE DO SOMETHING
£LEVER: SEPARATE THE OXIPATION FROM THE REPULTION,
BUT CONMECT THE REACTION 4ITES BY A £ONDULTING WIRE.

"IT'5 BLUE, 8Y THE way!

n
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Chapter 12
Organic Chemistry

IT% ALIVE.. OR 15 ITT

OF THE MINETY-TWO NATURALLY OCCURRING ELEMENTS, SOME HAVE
COMMANDED MORE OF OUR ATTENTION THAM OTHERS: HYPROGEM, FOR ITS ROLE IN
ALIPS; ORYGEN, FOR ITS REACTIVITY AND LOVE OF HYDROGEN: BUT ONLY ONE

ELEMENT DESERVES ITS VERY OWM BRANCH OF CHEMISTRY: CARBON.

WHAT 19 ALL
THIS GLOP?

227
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THANKS TO ITS FOUR OUTER ELECTROMNS, CARBON ATOMS CAM BONP WITH
EACH OTHER TO FORM LONG CHAINS, WITH OTHER ATOMS ATTACHEDR TO THE
LEFTOVER ELECTRONS. THE SIMPLEST OF THESE ¢HAINS ARE THE HYDRO-
CARBONS, WHICH COMTAIN MOTHING BUT CARBOM AND HYDPROGEM.

£RUPE OIlL 15 mave
MAIMLY OF HYPROCAR-
BONS, SINEE LONG
CHAIMS HAVE HIGHER
BOILING POINTS THAM
SUORT CMES, OIL
REFIMERIES £AMN SEPA-
RATE ("FRACTIONATE")
THEM BY LEMSTH AMP
THEM £HEMICALLY
YRACK" THE LONG
ZHAINS INTO SHORTER
OMES. GASOLINE 15 A
MIATURE OF £HAINS
WITH & - 17 CARBOMS
(OCTAME HAS 8),
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HYPROCARBONS LIKE THOSE ON THE PREVIOUS PASE, WITH SINGLE BONDS
OMLY, ARE CALLEP ALKANES®. A POUBLE BONP TURNS AN ALKANE INTC AN
ALKENE, ANP A TRIPLE BOND MAKES IT AN ALKYNE. INPIVIDUAL MOLECULES
ARE MAMED ALLORDIMELY.

H R, W H W
~ L ~ 4 =
.::..-'.'—.’ .H'.:: f _.=.FH
- \
H TR W 2
BUTEME H ETHEME BTINE
i X W Y HoH
~ L - - — a2z = —-H
®-0-0-0, ®=¢-o-®
ht
H . H W ln
L &
BUTAPIENE (TWO B .—::? & BUTYNE
POUBLE BOMPS) i
p @
{.-q:. - H RING-SHAPER STRUCTURES
| . HAPPEM TOOH
BEMZENE A

"
TO COMPLICATE MATTERS FURTHER, TWO COMPOUNDS WITH THE SAME CHEMICAL
FORMULA £AN HAVE DIFFERENT STRUCTURES. VARIANTS OF THE “SAME" MOLEZULE
ARE ¢ALLED |SOMERS.

- '
R S |:l .
B 5 B
“ I
" H iEl oo T
1..__ \ \ H"" "-{ { fH
;T 9-®-@-u ®-0-0-4_,
SRS R
/ \é
H"."H
i ORGANIC CHEMISTRY 15 PART CHEMISTRY,
b PART NAME GAME, AND PART GEOMETRY!

“THEY ARE ALSC CALLER SATURATED IVPROCARBOMS, SIMCE THEY WAWE THE MAXMUS POSHBLE HUMBER
OF WTROGEMNS. AMYTHIMG WITH & BOUBLE OR TRIFLE BOMD |5 (ALLER UMSATURATEDR

29
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absolute enteopy, F96-57
acids and bases, 163~
buffers, 18589, 190
conjugate pairs, (66,167,
(144
cquivalent weight of, 178
nentralizacion, 17 7-580
activation energy, 151-54,
24,235
ard, 10,98
alchemy 5-6
alternaror, 218
A acicds, 23638, 240
ammonia 59, 163, 167, 170,
L 7eF
i fatomic mass ura, 25,72
anzons, b 41, 43,50, 212
singre-atom, 48
aede, 19 202 313,218
Arnstatle, 4=5, 11
mtmospheric presare, 7-8,
111, 142
arome s, 2426, 38
atenmc pmmber, 2527, 40
Ao siwe, 39
atomic weighe, 11, 12, 15,26,
112
atoms, 4, 1.3
atemuc theory, 19-44
aronses, 4, B3
atom bunlding, 34-38
bonds between, 43-66
electron .1t'Li||it}'.. 41=d44
clectronembivity, 47, 48, 34,
56, 62,63
EOTUZANION CTETEY, 40
net charge, 78
oxidarion number, 79, 214
See aleo electrons
atpractions, 1628
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Avomadeos Inw, 112
Mvogadros number, 72

balanged cquations, TO=73,
1

Buses. Se acrds and bazes

bamery, 19,213, 218, 227

beling poinir, 109, 119-21
carbon chaing, 228
diseoved marernal, 1349
heatieg curve, 12627
hebivm, 125

bomb calerimeter, %6

bonds, 4566
carbon atoms, 228, 233
patental encrgy m, 87
solvation, 131=32
strength of, 108, 232=353%
See alio mtermolecalar

forces

Bovle's b, 112

Brand, Hennige, 5

busttiers, 18589, 190

brvstanider 1on, 18

calorimerry, 96— 100
carbohwdrates, 231
carbon, 14, 34,47, 82,227,
233233
atom, 21, 24, 25, 228
hybrid arbital, &0
oocidantsd reductants, 80-81
phase diagram, 125
valence electrons bonds, 58
carbon chams, 228-41
catabyses, 153-54, 239

245

cagalytic comverter, 154
cathiodes, 19, 24, 212, 213
carlons, My, 182, 312
Celaus scale, #%
Charles's T 112
chemical bonds. See bonds
chermical reacoons, 8=12,
L83
activanion energy 151-54
Achemy az, 56
catalysts, 15354, 234
defined, 2
electricity from, 200-26
a5 enerEy transter, =104
entropy and, 198-204
tire as test, =3
free energy, 205
lgher-order, 15557
bvidralyss, 175
rate of, [41=64
redox, 76-77
reversibde, 15859, 195, 207
solutions and, 124940
SPETLATE (RIS, b |
colliston theory, | 4652
combinaion reacmon, 649,
14652
combustion. 11, 68, 69,77,
219
hvear of, 103
sportineons, 225
componnds, 11-13,79, 229
concentration, 13334,
14243, 164, 16859,
182
copdensation, 118-21
coolants, %4, 495, [ 17
copper, 5, 93-04
ane reaction, 14, 212-13
cormsion, b, 77
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convalent bond, 54-38, 62-63,
65

strength of attraction, 108
crystalline structures, 48-51

of carhon, 125

cowalent bonds; 57

of ice, 123

womg Bonds, 48-51, 64

metallic bands, 51,52-53
current, electrie, 19, 53,226

Daleen, Johin, 13
decompadition reaction, 68
Democritus, 4
di]mh:s, 106=7
dhssolving process, 129-30
acids and bases, 168=09, 184
freczing boling posnes,
138-39
salts i warer, 129, 130, 182
DA, 241
dboble Bopd, 56,58, 61
abonble-displacement reaction,
TH
-.l','n:m:jc Balwce, 158-549

elasticity, 110
clectric oells: 211,212
electric potential, 213
electriciny 1744, 200-26
attractons/repulsions, 9,
1428
metal conducrors, 53
See ailie negative chirpe,
positive ©harge
electrochemisey, 20826
electrodes, 20, 212,218
electralbysis, 19, 20, 226
electromagnetic radiaton, 87
electronegativity, 47, 48, 54,
56,62, 63
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electrons, 20, X1_24, 26, 2844
atfimity; 41—-424
bonds, 47, 52, 34=58, 63,
237
dipole anraction, 117
ioniFation energy, 40
metal, 52,53
orbar, 29-33, 36, 6/}
outer, 34U, 46, 56
paired, 5859, &1
particle/wive, 28, 30
redox reactions, 77-81, 113,
(i L
rule of eighe, 43-44, 61
sharmg: 57, 58-59
shiells, 3 1=34
electropositivity, 47, 4%, 54,
L3
clectrostatic arraction, 45
elemenory reactions, 36, 157

elements, 1216

ancient four, 4, 10,11
atoamic number, 25
carbon’s umigueness, 232-33
charge exmremes, 62
grouping of, 36-37
soropes of, 25
listof, 27
oxidation nomber, 78, 79
p:riml'[c table, 15-16, 38--44
empirical formmula, 49 68
crmulsion, 132
endothermic reactions, 99,
102, 106, 122, 151
energy, 26, 30, 31, 39, 85103
actvarion, 151=54, 225
collision, 150-51
corservation L, 86
electrical, 2009-26
guanta of, 30, 194
spreading our of, 194,
1952012
transfer of, 89-104
enthialpy, 98-00
change, 131, 200, 20

245

of formation, 100=-104, 116,
122,205
entropy, 195-200
enaymes, 234
cquilibriam, 118, 124,
1 58=64, 20,222
acids apd bages, 165-90
equilibrim constant, 160-61,
175,182
ph. 170
second derivation of, 207-8
sofubnliey producr, 1832-84
weak tonestion, 172-73
equivalent weight, 178
evaporation. 11619122,
126=28; 139
exothermic reactions, 949, 104,
151
explosions, ®8,H, 102-3, 114
explostves, 6, 7677, 853

Faraday's consant, 220

fire, 1-3, 4,9, 11,67, 68

first=orider reaction, 145

forward reaction, 139, 1832,
148, 207

four basie elements, 4, 10, 11

Franklin, Benjamin, 1%

free cnengy chinge, 200 =6,
TI0-23

free radical, 142

freesing poine, 95, 125, 138

fuel cell, 2149

smases, =13, 98, 11014
characteristics of, 105
noble, 43-44, 107, 125
solubilicy, 137
stk EI].‘lIIHl"E-, 116, 121,

134-25
temperatues and, 1, 109
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s laweg, 112~14, 128
Gibbs function, 2015, 220
Galbert, Willam, 17
glucose, 213, 22425 239
Guericke, Oro von, 7, 111
punpowder recipe, 82

Haber process, 163, 204, 204
halt=lite, 14344
halt-reaction:, 214-19, 223,
224
halogens, 41
heat, 86104
reaction actvation, 151=54
See also temperatore
heat capacity, 92=97, 197
heat change, 93, Sh=104, X}
heatng curves, 1 26-24
heat of combustion, 103
heat of fusion, 122
heats of formaan, 100104
hebum, 135
hemogdobin, 239
Henderson =FHasselhalch
eguanon, [H7-55
Herachious, 4
Hess's Law, 101
llighcl'—unirr reactions:
155-57
bovhnd orbatals, 660
bvdrocarbons, 228=30, 233
bydrogen, &, 12,13, 314,227
atomic number, 26
carbon chapns, 228-31, 233
clectron shell, 31, 34, 56
hear of combustion, 103
pH, 171
positive charge, 19,62
redox reaction, 214
hydropen bond, 35, 64, 94,
Lty
attraction strength, 108, 109
DA, 241
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hydrolyas, 175
hydromum, HoE

ice; 123, 126-27
iceal gas, 110, 113
m salumon, 130, 134, 161
mdicator chemicals, 171
itermolecilir forces, 1069
infernal encry, H-91
1001, 20, 31, 48, 49,51, 102
woric bonds, 48-51, 34, 65
:ﬁjmle, 108
palarity 63
sl.‘n'ugrh of artraction, 108
1 n:rys.t.d.i. 48-51
wonic repulsion, 51, 53
patizanon, 31, 40
base constane, 175-70
eapuilibrium, 160-64
high, 43
T EATion erergy, 4
of warer, 161, 168,170, 172,
| RE-84, 208
weak, 172-T0
isomers, 229

rsoopees, 25

Jabur, 5
Joule, lames Prescort, 92
Joules, 86,92, 95,127

Kelvin scale, 88, 110
kmnenie encriy 87, 9051, 150
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