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ALCHE! consists of a set of modular programs cover-
Ing some of the baslic: concepts intrnduced in the

first year of a college-level fFeneral chemistry
course. Much of the material can also he used at the

secondary school level, . :

As with any c.a.l. course, it is Important that

both instructors and students have a clear under~
.standing of what ALCHEM can and cannot do. “In par-

ticular, ‘we would emphasize .that this course is not

intended to furnish an a priorl introduction to the
‘~material, nor is it. an-effective means of communicating

background information to the student. in other words,
ALCHEM is not In .competition ‘with the textbook! Our
principal object has been-the creation of a highlw
interactive series of - exercises that will help the
student becomer more aware of the meaning of basic
chemical. concepts, ~their application® to practical

situations, and the intér-relations between them. In

attempting to keep "‘the -dfalogue as fast-moving and-

interactive as possible, only the barest essentials .of
theory are presented in-the program. ALCHEM Is perhaps
best used after the student has already been exposed to
the material by some othér means (lectures, reading,

audiotapes, etc.), but before he is given numerical

problems to sglve.

At Simon Fraser University, ALCHEM is .available 3s a
“stand-alone" course In which students are permitted
to access any module in any order. Its main use,
however, is simply -as a depository for c.a.i. modules
which are "copied Into other c¢.a.l. courses desipgned
for specific Chemlstry courses offerad hy the Unlver-
sity. Thus the c.a.i. course "cl01" supports the
regular Chemistry 10] course, and the ALCHEM modules
contained therein (together with nther c.a.l. matar-

~1al) Is sequenced aceording to the "week number'" In

which it Is required, and alsn Is Indexed aceording

~to the specific 1learning objectives to whlch mach

module relates.

The various modules 1in ALCHEM were developed Auring .
the perliod 1370-73. Development of further materlial
for this Coursewriter 11l version of ALCHEM ceased In
July 1973, A1l further ALCHEM material will be

:;ttten In York/APL, as modified by SFU -“ar c.a.l.
e. : : .
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. . mod 01
- EXPONENTIAL NOTATION

The student Is first asked I1f  he has any knowl-

" edge of sclentific notation. If he does, and is able
-to- demonstrate this knowledge In several simple

problems, then ‘he 1is branched around most of the
material and can exit quite rapidly. A1l students are
checked out on "“computer notation", I.e. the con-
vention of expresslng quantities In the forms "$.02 x
10++23" and "6. 02 E23". .

Students demonstrating less famlllarily wi th- the
subject are led through simple powers of 10 and then
to combinations of these powers with decimal factors.

Finally, they are required to convert between varlous

decimal -and exponentlal expressions.

At the =present time, -exponential arithmetic |Is
not covered Iin .this module. - The separate c.a.i.
course MATHOP' offers a much. more detailed intro-
duction to exponential notation and arithmetic, and
is more suitable for those who have had no previous
tralning In this area. - ‘

-«

) mod 02
USE OF THE CALC FUNCTION °

CALC Is a user-written Coursewriter_function that’
parmits the.terminal to be used -as a 'desk calcul-

- ator" any time the system 1Is ready to recelve a

student response. Typing the word "calc" followed by
the appropriate expression has the -effect of tempor-~
arlly removing the student from "c.a.l. mode"; the
arithmetic.expression Is evaluated by the CALC pro-
gram, and the answer is returned. to the terminal.
After the answer has been printed, the system Is
again ready to receive an Input from the student.

This module Is Intended tn familtarize the 'stu-
dent with the use of this functlon; the use of CALC
Is encouraged In later modules to remove the drudgery

‘of doing arithmetic and to generally speed thinps un.

Enphasls Is %placed on multiplication.and divis-
ifon, with passing attention given to addition and
subtraction, powers, roots, and- logarithms,




mod 03
SIGNIFICANT FIGURES

A brief treatment of significant figures, emphas-
izing the dual role.of zero as-a significant figure
and as a place locator. More material on this sub~
ject Is-found in Problem 1-1 cf CHEMEX. The present
material was adapted from a. course authored by S.
Marcus of Ohlo State University.

-

mod on -
UNlT CONVERSION FACTORS

The concept is introduced by demonstrating the
interconversion of "inches" ‘and "feet'. The student
sets up similar -factors .for other simple conversions:
Inches-cm, ergs-calories, liters-grams (using density
as the conversion factor). Finally, there is a brief

-axercise on more;comblprconverslons;

mod 05
lNTERPRETATlON OF GRAPHS-

This module was also adapted from Ohio State
University material. Within the admittedly narrow
constraints of the typewriter terminal, it introduces-
the concepts of delta-Y, delta-X, and slope. The
student determines these quantities from a graph that
Is typed out; he then finds the Iintercept and ob-
tains the equation of the line. He 1is finally given
some data to plot, .and the accuracy of his plotting
and lnterpretatlon Is checked. :




mod 06
WEIGHT-WEIGHT RELATIONS, CONSERVATION OF MASS

No knowledge of chemical equations or formulas is
" required here.” The student Is presented with a "word
reaction" describing the ‘oxidation of —magnesium

metal, and .is asked to select a weight of magnesium—

to be burned. The Zprogram calculates the weight of
product obtained, and the student finds the welght of
oxygen required by difference. The program then
reduceds the amount of metal by half, and leads the
. student to see- that the amount of rroduct  obtained
will be proportional to the weight of magnesium-
consumed. _ The problem Is then repeated, but with
excess -oxygen present, thus Introducing the concept
of a 1imiting reactant.

After this the student is presented with an
arbitrary welght of magnesium, generated by a random
function on the system. -He calculates the mass of
product obtained, -and Is then asked to find the
welght-percent of Mg In- the oxide from the welght
data. Finally, he finds the percent composition - of
strontium oxide from a given welght ratio of stronti-
" um to oxygen, and determines .the relative- combining .
welights of the two elements. )

“mod 07
LAW OF MULTIPLE PROPORTIONS

‘The.student Is given weight data for oxldatlons
of copper Jleading to the (1) and (11) oxides. He is
then led through the procedure for finding which

- oxide contains the greater amount of oxygen per. unit

‘welght of copper. He 1Is shown how the assumption of
a given formula for the one oxide determines the
formula of the other. )

- -mod 08
RELATIVE WEIGHTS AND ATOMlC WEIGHTS

The magnesium oxidation reaction is used again to
show how the concept of relative weights can be
applied, A more complex case, that of H2 + 02, is
presented, and the student Is shown how the relative
welght assigned to hydrogen depends on our assumlng a
given formula for water.

=




‘mod 09
THE MOLE. CONCEPT

The student Is led gradually from the idea of
atomic welght, through "weight of N-moles", to ‘wel-
‘ght of 1 atom" and "weight of N-atoms", The numer-
ical parameters In several of the problems are gen-
erated randomly on each execution of the program, and
the actual problems picked are also ‘determined random-
1y, so 'students’ can repeat this unit with minimum
"repetition".

) - mod10
BALA“CING SlMPLE EQUATIONS

" The .di fferencé between a subscrlpt and a coeffic-
tent (which, admittedly, does not show up very well
‘'on a typewriter!) -is .delineated, ‘and the student
counts the total number of atoms In an expression

" such as "203". This leads to a simple equation
involving 02 and 03, Exercises based on two other
simple equations are presented. Finally, an equation

~representing the combustion of butane Is balanced
several times, following a different sequence In each
lnstance. :

modll
FORMULA AND MOLECULAR WEIGHTS

This module begins with review exercises on
atomic weights and "weights of atoms", The student
- calculates several- formula weights, and uses them to
find the number of moles present Iin a gilven mass of
mater-ial, the mass of a given number. of moles, and
the mass of an individual molecule.

mod12
_ __NAMES AND SY-MBOLS OF THE ELEMENTS.

This Is a drill.exercise covering 38 elements. The
student is presented with the name of the element,
and must enter Its symbol, in addition, and at the
student's option, the program- will select a 'symbol, - : -
and. the student must enter the name of the element, |
correctly spelled, A system function recognizes. :
phonetically equlvalent, but Incorrect spellings.,

The drill items are selected at random from a list.
If-the student's ' inftial-responsé Is correct, that
particular item Is deleted from the list., Otherwise,
it is retained and will be presented again. Thus the
student is ultimately left with & residuum of the
more difficult items, which are presented more and
more frequently until he has "learned" them.

o e o
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mod 15
EMP!RICAL FORMULAS FROM WEICHT DATA

Finding mole ratios In binary compounds from wetﬁht

"~ data In simple combination reactions. Use of percent

composition data to obtaln empirical formulas of €0
and Pb304, )

‘ ' mod 13
ELECTRONS IN ATOMS: QUANTUM MUMRERS

" The prtnctbal quantum.number- n; the quantum numhers

1 and m, and thelr permissable values, Orhital

("s-p-d-f") notatlon. Possihle orhitals for various
.values-of n,- numher - of electrons In the various

orblta

) ) ) ’ mnd’lﬂ
ELECTRONS IN ATOMS: FELFECTROM COMFIGUPATIONS OF ATOMS

Princlpal quantum number n and potentlial -enerry of
the electron. Aufbau princliple and electron confisur-
ations of the elements; the first 13 elements In
geg?il, and thp general hullding up of the Perlodic
able.

. - mod 20
- THE NUCLEUS: °~ ISOTOPES, ATOMIC MASS, ATOMIC MUMBER

: The'proton and neufron as nuclear bullding blocks.

Isotopes and nuclides. Mass number, atomic number,
and neutron number.

. mod 21
RELATIVE WEIGHTS OF ATOMS AND THE ATOMIC WEIRHT SCALE

Calculation of the mass ratlos nf atoms from their’

acdtual masses.. Mass ratio of an atom to carbhon.

- Relative welghts of atoms on the £=12.00 scale., The

atomic mass unit, and Its use In eonvertine atomlc
welghts Into welghts of atoms., Comparison nf equal
masses and eqlial numbers of atoms nf different atomic
welghts. Relative (atom!c) welrght data from simplne
chemical reactions.
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- EXAMPLES OF . ALCHEM DIALOGUES

" The examples found on- the following pages are

intended to give course Instructors and teachers a.

general Idea - of the scope of coverase and level of
treatment of the various topics comprising ALCHEM,
Very little attempt has been made to demonstrate the
various branching possibilities -in-the program, treat-
ment of anticipated and  unanticipated wrong answers,
alternate forms- of correct answers, etc. In any

.event, these details change from month to month (and

evén, -at_times; from day to day!); the only "up "to
date" record of ALCHEM is what exists "on disk" at a

glven mgment. - Course - prlntouts are available. to

those who want them.

.ALCHEM Is written In Coursewriter 1ll, Version 2,

an IBM Program Product supported by 360/370 systems, .

A number of user-written "functions are required- in
ALCHEM, and several system modifications are re-

commended. _External users can obtain information on

these matters from the CAl Centre, Simon Fraser
University.

. The t;it material of ALCHEM- is copyrighted in
Canada, U.S.A., and the U.K. by Simon Fraser Univer-
sity. ALCHEM may bé -implemented on external systems
only with permission of the copyright owner. Copies
of this course are supplied to user Institutions on
the understanding that the proprietary rights of the
University will be honored, and that coples will not
be supplied to other lnstailatlons wlthout our writ-
ten permission. -

o
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EXPUNENT 1AL NUTAT JON

BI1G ONLS AND LITTLE ONCS

The scale of the world extends far beyond what we can count on our ten finpers; chemistry,
In comion with ather sciences, s replate with very large and very small numbers.

For exaupin: ) .
A gond sized (1 gm) dlanond contains $6,16n, fn0,000, 800, Ann, 000, 000
R . atoris of carhon (give or take a fow),

€ach of those atoms welphs 0,000 000 000 DAD N0H 040 000 019 9% gram,

By uslng FXPOLTHTIAL NOTATION, we can convenliently work with and eapress all these numbers,
and st iet our ten fingers do sone of the work: Are you famillar with exponential
notation? (Yes or no, please.) . -

.

eeees oo

Hell, let’s look at exponential notation in a little more detall, .
Does thc expression “ten to the fourth power” mean anything to you - Vike, do you know
its value? - -

seces 10,000

.

Exactly! . Do you know how to express “ten to the fourth power™ on the typewriter?

seeee Ifleek

Just to check you out on this a bit more, please enter an fnteger .
between 2 and 9, _ . .

&

7..:.. Y

Okay, what Is the value of 10sek 7

sosse I0,0hﬂ -
Goodi low what Is 10ee$ a. 3 number?
eesss 100,000,000

‘And finally, please express “m,nfm, an9,000" as a power of 10. .
sesee 10eeg

No, your exponent Is wrong: plaase try again.

esese 100010 —

Very good! .
Now In sclentific work, we rarely get nice round numbers Jike
this. Hore commonly, we get such things as "31,400", Notice,
however, that thls number can be. expressed as & prodict of
two quantities: (coefficiment) x (power of 1n)
3.16 x 19000 = 3.1% x 10eey = 31,400

Hotice that the power, &, is just the number of places to
the RIGIHT that the decimal point in the coefficlent 3.14 must
be moved in order to make 31401,

this same quantity can also be expressed-using 10ee3 a5 & factor;
How would you do this? .

se0ee 31.4x10003

Very good} .
Now, let's get back to powers of 10 for a mipute. 10ee] has what value?. -

seese 10

Correct; any nimher, ralsad to. the first powsr, Is just the sama
nulber unchanzed.
Now, hine about "10eef™ = whae I Its valua?

seeve 1

Right you arel Again, any quantity raised to the "zeroth” power s unity,
And finally, what is the value of m-:-x?

sheee 1]

Vary good} HWhen & number Is ralsed to o negative power, the
ap?ropr:au value Is written In the denominator, so we have -
a fractinn, -

How would you express the quantity *1/10,000" as 8 powar of 107

"""xn'.-q

Now see 1f you can axpross 0.4%2 as an exponentia) number, using,
10%¢=1 as the exponant? -

seens 4, 42x1000-1

Very good. ] ) ) i o _ R
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USE UF THE C.A.1, "CALL" FUNCT ION

N

A QUICK TRIP THRU CALC |

In subsequent parts of this course we witl be throwing
Tot's of (casy!) problems your way= {t's the anly way to really
tearn chemistry, unfartunately, B8ut to save you time, you are
encourared to make use of the CALC function. Do you- know what -
this ts and how to use 1t? . :

eevee po

, 9K, then here's a brief rundown-and a few exerclses:” - . ' - -

-

.1 would type: -

Oon‘t forget the calel Try again,

Suppose you are siened on to # c.a.l. course (such as this one) and
had to answer a question requiring you to multiply 6.85 and 3.8k, You would type:

calc 6.R5 x 3.48

. - a * -

- 23,838 . - : .

You would then answer the question you were asked to proceed with the course. Now, what Is
973 times 8422 (Use CALC to get the Answer, and then type It in and send » "retuyn"._) -

sseee calc 973xs42 ) ..
819266.
eesse 19224484 - )

4 PLEASE REPEAT
319266

Very good! Mote that you don't have to use more than & sig fig 1f you don't want to.

MNow,” If you wanted to find 2.7805 plus 8.038%, you would type:
calc 2,7805 + 3.038% :

What Is 9.3785 + 3.28997 (Use calc to get the sum; then type in the sum to continue. )

eecee §,3785 + 3,238

- s

seees calc 99,3785 + 3,2899

12.668%
eeeee 12,5684
Well done.
i WNow, subtracting. - -
Example:
calc 1,387 -~ 0,642

- 0.76%

Mow, what iz 92.76 minus 203.097

eeese calc 92.76-203.09
=-116.33

eeeen 5110.33 .
Seautiful, , beautiful!l liow, an exsmple of division:
calc 736/9.26

79.8816414 .
Now, what Is 89,62 divided by 22.637
seese calc 89.63/22.53

3.%602297 ‘
eeees 33,9602 ' - 07

Remarkablel What & computer Is lost in you, I Ah, well, anyhow , , .
Now Jet's try & few other uses of CALC, Vike==e=ss

Exponentiation -
Example: Find ten squared,
calc 1fies)
Answer: 140, N - - . .

[




) Now, what Is seven to the third power?,

ssees calc Tee} o =
343,
- N eesee 34% -
Seautiful, |
Another exanple: 4.67 to the (5.6)th power Is¥ - T -
L . Colc k.H7+08 6 - . - - .
Answer: 55499,773 .
. dkay, nowr what is 10.2 to the power of 1,57
4 {Note: Remember not to use ‘el's,)
eseed calc 10,2001,
32.5759% -

tesee 37,575 . . N . . . ] : _

o

Great!
_ Logarithms to base ten.
Example: wh.at fs the log (to the base ten) of 1127
calc log(112)

cilc login{112)
{Choose whichever Is sasler for you to remember. They both work.)
¢ Now, what is the log to the base ten of 87,37

seese 1,94

Seautifull And what Is the log to the base ten of 5.7327

s

eesee calc log(.732)
=0.1354829
eseee -0,135

‘Logarithns to base g (natursl logs)

. , Example: what is the natural log of -2.7%?
- calc In{-2,74) .

ar |
cslc 1oge(~2.74) v ]
Answer: 1.007956 a
Note that the absolute of the number is taken and the nezative sign makes -

no difference.
Now, what is the natural log of 621? :

veeer 1n 427 . . | ; :
Jdust use calc to find the Joz, then type It in correctly to continue.

. esede calc In{k27)
6.056783
eesee §,057

<

Wonderfull And now,

Roots

L

Example: what |s the square root of N.7254?
calc sqre(n, 7254)

- mc 0.7254ee, S |
i u ] k
Q cdlc 0,725400(1/2) ) B

E lC What 1s the square root of 3.Mh?

Aruitoxt provided by Eic:
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ALCHEM
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UNITS AND UNIT CONVERSION FACTORS

- UNIT CONVIRSIONS
. it Is frequently necessary to express a quantlity measured In one kind of unlt, In terms
X : of.n different kind of unit., For example, we mipght wish to convert 22 Inches” Into
units of FLET. This can be done by multiplylng the orirlnal quantity by an approprlate
UNIT CONVERSION foctor:
(22 1n) =x (EACTOR) = 1.8 ft.

Do you-know how to write this factor

3

eteee a0

=

Forretting about the nunbers, for th. ., We want to convert INCHFS into units
of FEET., Shown underilined below are twn possibie conversion factors:

1) " In x (f£2Lin) =
2) In x (In/ff) =

Now which factor (the one In (1) or the one in (2)) converts INCHFS into units of FEET?
(Answer 1 or 2

e e b

eeeen }

Correct! Equation (1) mujtipliles out as follows:
In x (ft/in) = Ja x (ft/I0) = f2
Notlce how the units that are unwanted In the final answer ("In") cancel out.
So our conversion factor has the units of "ft/in", Now how many feet are there in
an Inch, 2anyway?

(X111} i/]:

"

o bl Y Gt YT L S A A B 1 5 4 L N Y R s s

Correct. The number of ft In one In. Is 1/12, so our factor for converting In. Into ft Ist
€1/712){¢t/1n) = (1ftf121n).
To prove It, we have:
€1 1n) x (1 F2/12 Tn) = (1 JA) x (1 ft/12 JA) = (1/12) ft
How many ft are In 7 Inches?
temee 7712
Rightt He have
(11 x Q f}/lz 18y = (1/12) 1n,
Suppose now that we want to convert FEET Into IMCHES:
(2 ft) x (FACTOR) = 24 In
What must our conversion factor look llke now?
teeee 12 {n/1 ft
Exactiyl There are
12 Ins In 1 ft, or 12 In/1 ft,
s0 our converslon factor Is
. ‘ Q2 11 1),
How mény Inches In 20 ft.?
3 weene 240
' Right; Wo have ' »
(20 12) x (12 1n/f£) = 240 In. *

Now jet's try another conversion factor. ENERGY con be measured In ergs or In calories;
here's the retatlion between the two units!

s

- . } erg = 2,39E-¢ cal
Q Please type In the conversion factor that must be used to find the number of calories
l(: In & glven number of errs.

{AFullToxt Provided by ERIC
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Now let's try converting from GRANS Into MILLILITIRS (volume).
for thls same substance {acetone), set up the converslon factor for the following:

——_prams x [ —— i,
Wwhat goes Inside the ‘arentheses?
seeee Iml/, 927

Correct!
’ e x Q m/o.82 g) » —mh

Notice how the GRAMS terms cancel out. B
Now let's took at a unit conversion Involviny POWERS of unlits - such as squares or

cubes. A rood exarple Is the conversion of a VOLUME, expressed in cublc centimeters
{cme#3) to cubic Inches (inve3), By the way, 8 cmee3 Is the -same- as 3 miitititer (mid,

>

Say that we have 3 volume of 8 cm:ﬁ!, and_we wish to express this In cublc Inches:
$emeed x (. ...) " o lneel

First, what must the UMITS In the conversion factor be (don't worry about the NUMBER yet)?

XIIL lnaa';/a!\n; ’ ’ - . -

Good.
crwel X Cineedfcmee3) = fnee3;
notice how the urwanted units {cmee3) cancel out.

Now to make this a proper conversion factor, we must establish the numerlcal relation
between Inee3 and cmee3, To do this, you must know that:

11n = 2.5 cm
Mow many cmee3 are there in 1 {nee3?
seeve calc 2,54003 '
16,38702
eense 1R,k 7 .

Very good;
1 Inee3 = 16,4 cmre3d

Now use this Information to construct the complete factor for the conversion

el x ()" —lnee3

eenen § In/ib.kcmee3

Correct general format, but you are not expressing your -cubas correctly;
please try agsin.

eseee 1 Inee3/16,hcmee3

Excetlentl Now find the number of ine*e3 In 80 cree3 of water.
{please enter the correct ansver)

eeeee calc 80/16.4
4. 8780487
soeee, kA8
Very gondl HNow let's convert 100 Inee3 Into units of cmee3:

100 tpeed x y = cmee3

Please type In the conversion factor here.,

seneae 16, kcmee3 / 1 Ineed

very goodl -
100 inees x (16,4 creed / 1 tneey) = . cmeed

Now how many cmee3 = 100 {need 1

eeeeer JGHO
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eeeee 2,39E-8cal/) erg
£xcellent! We have:
1 60es x (2,30 E-8 cal/l #tg) = 2,30 [-8 CAL .

‘One MOLE of & certaln substance weipghs 162 grams. Set up & conversion factor for
expressing the number of MOLES contained In a given number of GRANS of that substance.

:ttttt (1 ﬂn|;/152 g)

Correcti
We have: d

x6RARS x (1 mole/162 £edh) = y-MOLES.
1 gram = (1 moie/162 gram) = (1/162) mole

l.e.,

-

Some conversion factors have special nanes.. An example is the one that converts 2
quantity of matter, expressed In vosume units e.gz. LITERS, into the cor responding
quantity expressed In GRAMS. Do you know what this factor Is called?

sseee NO

-It's called DENSITY,
1t Is used 11ké this: .

- LITERS x (density) = GRAMS N

What two UNITS must be Included In the conversion factor called fdensity"?
(You may abbreviate) - :

tt"; g/
Right. ,Density Is expressed In units of LITERS and GRAMS - the same two units that we are
converting. How must they be arranged hare?
(express the units as a fraction)
eeeee gt
Good. We have:

LITERS x (grrs/iiter) = GRAMS

1.2 grams of alcohol occuples 1 milllifter {mi) of volume, What is the density of
elcohol? : . .

seree 1, 2¢/m)
Exectlyl We have 1.2 grams/ml. Suppose that we have 30 m) of alcohol, and want to find Its

mass In grams. Set up the unit conversion factor that would convert VOLUME. {m1) Into
MASS (groams),

Ceseee 1 mi/0.2g

Very goodl This glves us:

Y E (12 g/m1) = __grams
$o what's the mass of 30 m} of alcohol?
tesse calc 1.2x30

6.
eeese 36 ¢

Greatl How suppOse that 10 ml of acetone welghs 9.2 g. What would the conversion factor
jook 1ike here?

x| ) = Erams

What goas in the parenthesas?
eeeser §,2g/20 M)
Well, that's formally correct, but try dividing through by.10 to get & simpler factor.
esees ,925/101 7
Very goondl We have:
—l x (0.92¢/1 M1} = ____grams

Again, the conversion factor Is just the DENSITY = mass per unit volume,
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Very yond. It Is frequently necesséry to convert betwecn unlts that are defined Indirectiy.

For éxanple, subpose that: - "
2 mabes s 1 pod (2m=1p)
‘3 pods = 1 smud (3 p=1ls)

Design & conversinn factor that chanfes mabes Into smuds:® - N

'______mabes‘ x )y = snuds
Can voh do tpls?

.
= =

sesds no

Well, let's take It rore slowly. You actually require TWO factors here:

—._mabes " x {factor 1) ix {factor 2) = smuds 7 ) -

<

Factor 1 converts mabes to pods; factor 2 converts pods to smud;‘
First, what dnes.factor 1 look 11ke? (remember, 2 me 1 p)

stsee 1p/2m

Good.

—J8bes nx {1 pod / 2 mabes) = ____ pods

This Is factor 1, Ffactor 2 effects the conversion:

—_—p % () e s
Remember, 3p o 1s, What goes Inside the parentheses?
esens 1s/3p ’ ’

Very good!
wpods x (1 smud / 3 pods) e ___ smuds

The two foctors torether look 1ike this: )
7 mabes x (1p / 2n) x {1s / 3p) e __ smuds

Now combine them Intc one single conversion factor.

seeee 15/Gm

Excellent! HNow , just to see If you're getting It, set up a factor for the following:

—tums x (___) e tweet,

In which

6 lums » 3 scow!
1 scowl! = & tweets

Please work It out on scratch paper, and then enter the completed factor
(you may ohhreviate the units).

seese 2t/31
Terrificl ))2)END OF MOD L]




G g K m g

W

ERIC

Aruitoxt provided by Eic:

ALCHEM
mod 06

WE IGHT =WE IGHT RELATIONS, CONSERVATION OF MASS

WEIGHING IN

&~
Simple weight measurements, made before and after a chemical reaction, tilustrate
some of the most fundamenta! laws of chemistry, °

Examplin; Perhaps you know that marnesium metal burns fn the presence of oxyren to form
magnesium oxide.

Wow many prans of mornesium would you 1lke to burn? Plck 8 number between 2 and 68, with
no more thon 3 sig fig.

sieee 17,3 g

0k, this wiil combine with oxypen to give you 28,7 g of magnesium oxlde
(You witi learn how to calculate this later on In the course);

magnesium + oxygen <«> mapnesium oxide
L.t e e

Now ‘how many groms of oxygen wi l‘l be used In this reaction?
sseee 1] &g N M

Correct! By the way, can you name the principle or jaw that appnes- here?

¢eeez cohynservation

Conservation of what? . °

“ee0d Mass
Right ~ the applicable law here Is conservation of mass. R )
This Is regarded as & "law" simply because human observation has yet to detect @
deviation from this principle In any carefuily executed chemica! exPeriment.

Now tet's pet back to the flrst resction we discussad - the combustion of magnesium to
form magnesium oxide, Our reaction is: -

magnesium ¢ oxygen -> magnesium oxlde

. 1Lz s ALk ¢ .1

Suppobse now that we.used only §.65 g (half as much) of magnesium mets!. How much magnesium oxlde would be
formed In this case? - - ~ -

“seee 1§, 35‘

No = remember that we have only half as much Mg to start with now, and try again (your
answer should be to 3 sig flg).

seses 14,6g

Rightl Since we started with only half the amount of Mg, we will use up onty hslf as much oxygen,
and get haif as much product:

. magnes | um
first time: 1132
this tiwe: LS ¢

n <> magnesium oxlde
4 ]}fj;l‘
Now fet's use an arbitrary amount of Mgz metsl - 11.8 g, say. How much Mg0 Is formed this time?
seeee cale 28.7 x (11,6/17.%)
19,2432297
eesee 19, 2¢g

Right = so we have!

magnesium + oxyren <> magnesium oxlde
first time: 1.3 ¢ L4 s B.1¢

this time: 16 ¢ 1.6 2 1.2 ¢
At this point two things should be clear to you!

1, HMass Is conserved in chemical changes

2, The masses of the various substances Involved In chemical reaction are proportional to
each other

This tast one !s & tittle vapue . . , lot's have one more lonk at 1t. Sudbose thot we have
17,3 p of Hg and 11,4 g 97 9%ygen In a closed contalner. We saw 8 while aro that 28,7 g of Mz0
wotiid be formed. Now, vha: would happon 1f 2%, 2 t of oxyren were presont, with the same smount
of My as before? How mush ME0 will be formed this time?
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teese 23,7'!

Good! In this case, the oxyren Is sald to be present IN EXCESS: the:e lsdnore than Is needed,
80 the amount present will have no effect on the quantity of product farmed.

One other Important thing ‘to notice--there Is onty one compound called morneslium :"d" the
presence of ‘excess Gaypen does not resutt in the combinatlon of the same anoun: ° ‘o
marnesium with MORS oxyren--the ratlo between the welfhts of oxyren and marnesium e
marnesium oxide Is COESTANT, and this constant Is a property of magnesiun oxide. What Is
the name of the law of chemical combination that Is |1lustrated here?

eeess constant composition . ) )

We sre referring to the LAW OF OEFINITE PROPORTIONS.

HWhat Is the ratio of the welght of magnesium to the welght of oxyzen In magnesium oxide?

H

*eeee caljc 17.3/11.4
1.5175438
L IX XX 1.51 i

Gredt] OK, and néw fet's find the percent composition by welight of magflesivm oxfde, First
find the percent by welrht of magnestum In this compound,

eeeee help
We have:

magnesium ¢ oxygen -> magnesium oxlde
X grams y grams. :

What welght of paznesluh oxide s produced?

“#eees xiy grams

OK-~Now what fraction of this total welght consists of magnesium?
{answer In terms of x and y). -

aeeee x/(x#y) -

Right--the fraction of Hg present 1. x/(xe+y).
OK, the parcen: Is just the fraction times 100. So the percent magnesium s 100x/(x+y ),

Now, In. your first reactlon, you had 17.3 grams of Mg, and this produced 28,7 grams of magnesium ox!de.
What Is the fraction of Mg here? . X .

eesee 17,3/28.7

OK-=and the percent by welght of Mg w;i!l be?
sesee calc 17.3/28.7

8.602787%
ceeee (0,3

Correct. tHow fet’s sce If you can make use of the welght ratio data presented In a siightly

‘different manner. The welght ratto of strontiunm to oxyzen in the compound

strontium oxide Is 547 to 1. What Is the welght-$ of strontium In this compound? -
teeee calc 5.87/6.47

0.8654404
eeese 34,5

Very pood=-you obviously understand this now.
You should now have s better grasp of the fo!lowing concepts:

conssrvation of mass

Law of Definite Propartions (welpht ratios and their constancy)

Proportionallty-of welpghts In chemicsl reactions and the Lsw of Constant Composition
Percent composition (by weight) from welght ratio dats

Notlce that all these observations were mide by means of welght measurements on large
(welghabla) samples, and that wa have not used astomic theory at all, Nevertheless,
these ohservatinns sl fend suppoft to the atomlc thaory of matter.

>3>2END OF MOD ]
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LAW OF MULTIPLE PROPORT IONS

DOUSLE TROUNLE
There are many cases known In which two elements wil) combine under different conditions
to yield two (or mare) distinct compounds. For example, 25.4 g Of copper will combine
with 6.5 g of oxygen to form an oxlde: -

copper . oxygen =) copper oxide 1 -

254 ¢ B g B3N

Under -different experimental conditlons, it is possible to prepare 2 different oxide
in which 19.1 g of copper s combined with 2.& g of oxygen:

copper + oxygen =-> copper oxlide 2
Ble 2.5 L5 »
"QUESTION: Which oxide (1 or 2) contains more copper per fixed smount of oxygen?

eeeed 27

Right! "We would now Yike to compare.the tiwo oxides, to see how much oxygen reacts with &
fixed weight of copper _in each case. We sew that 6.4 3 of oxygen reacts with 25.% g of
copper to form oxide 1. Now, can you find how many ‘grams of oxygen would resct with

the same welght of copper (25.4 g) to form oxide 2? -

- .
eesee RO . *

We want_to find how many grems of oxygen would combine with 25.4 & of copper to form
oxide 2: :

copper + oxygen
9.1 248 -> oxide?
25.% ¢ 122 ¢ ~> oxide 2

Oxide 2 Is defined by the fixed praportion with which copper and oxygen combine to form
this compound. - What {s this proportion (exgress it as a ratio or a quotient)?

eseee 19,1/2.4

Goodl We have (19.1 g)/(2.% g) = 7,95 {let's cal) it 8.0).

Mow this ratio cen be satisfied by any -combination of weights of copper and oxygen
that yield the same quotient; f.e., you need not use 19.1 g of Cu and 5.1 g of oxygen
to make oxide 2, Suppose you had only 10 g of Cu svalilable, Would you require more
or less oxygen In this case? .

Of coursei

In order to maintaln the same welght ra.lo, we will use less oxygen here. With 10 g
of copper, wa have only 10/19.1 as much as we had before. By what factor will the
welght of oxygen needed be reduced?

evsse gsame factor
Excellent! ) -

We have only 10/19.1 = 0.52 as much copPer, so we require only 0,52 as much oxygen.
You get the idea, | hope.

Now let's get back to the maln exercise. Instead of 10 grams, we have 25.4 g Oof copper
evalleble. By what factor Is this weight greater than 19.1 g?

eseee 25,4/19.1

s 20 ® 1,338

0K, we have 1,33 times a8s much copper here, so we need 1.33 times S much oxygen.
What welght of oxygen will we need?

\({look at the first of the pair of equations written soma }ines sbova

to refresh your memory)

essee calc 2.4x1.33
3.192

e ’o 1"




UK, we have:

copper + oxygen

25.84 8 6.88 > oxldel

2588 3185 -> oxide?
Great! You have just discovered the Law of Multiple Progortions! (Ratlo of “small, whole
numbers®, etc.) If there |s twice as much oxygen per flxed weight of copper In oxide 1
as there Is in oxlde 2, and If the formuls of oxide.2 Is Cu0 {1 copper atom to 1 oxygen
atom), then what Is the formula of oxide 1?

esese Cu20

Sut this formula has only HALF as much oxygen as CuO. Please try agsin.

essede  Cud2 -

Very good!
We have:

copper ¢+ oxygen
oxlde 1: 25,88 S8 g > Cu02
oxide 2: 25,48 L2g - Cuw

Notlce how the subscript In the formula )s propoartional to the welght of oiygen.

(You recall that "1" subscripts sre not written--they are understood.).

Remember that.we ASSUMED that oxide 2 was CuO, How it turns out that the formuls of
ON$DE 1 (not oxlde 2) Is actually Cuol .What does this make oxlde 27 .- ‘

seawe £y20

Right! . .

From all of thls, you should see how welght ratios can glve a clue to the forrulas
compounds made of the same elements, but In different proportions. However, these
ratlos alone cannot tell us the true formulas. Thus the welght data we hsve found is
consistent with any of the followlng formulas: - .

copper oxygen R possible formulas

2S.4 g 6.4 g Cud Cu02 . Cu03
or or

2S.68 3.2 - Cu20 - Cud Cu203

The true set of formulas must be found by ‘Independant means,
© 3>>3END OF MOD 1;

B CILA U AU TR VTN

PR

.




-

»

Q

ERIC

Aruitoxt provided by Eic:

»

= ALCHEM
' mod 08

RELATIVE WEIGHTS OF ATOMS; ATOMIC WE IGHTS .

HEIGHING A LOT

fn the previous section, we used simple weight meassuremants to deduce some of the
fundasental taws of chemistry, without reference to individusl atoms. Let us ‘now
sssume that matter Is composed of stoms, Since we conmot sce them, stoms must be”
very small, and any weights that we can measure In practics! experiments must represent
very largé numbers of stoms, Atoms of different elements will have different welghts,
How can we find the relative weights of different kinds of stoms when we cannot welgh
them individually? . N

ANSWER: We can welgh large (weighable), ‘and EQUAL amounts of two kinds ‘of astoms,

EXAMPLE: Magnesium metal burns 'In oxygen to form magnesium oxide (remember?2?);
tet us ASSUME that this compound contalns one magnesium stom for each oxygen stom:
Mg ¢+ 0O => Mg0

In an experiment,- k.86 g of Mg ylelds 8.06 g of magnesium oxide.
Filrst, how many grams of oxygen entered Into thls resction?

comee 3.2g .
0K, we hlvex: ]
Mg . . 0 ] Mg0
8.4 8 3.20¢ .98 ¢
Now does the atom of Mg welgh MORE or LESS then the 3tom o oxygen?

(X2 X1] ﬁr. -

Right! From the welghts of Mg and O°that enter Into this- reactlion, we see that-the Mg stom welghs

5.86/3.20 times as much as the atom of oxygen (assuming that magnesium oxide s MgO),

Now, as you may Know, !t became customary long 8go to compare the relstive welghts of atoms
on & scale on which oxygen was sssigned s weight of exactly 16.000. Now If we call the
walght of the oxygen stom 16.0, what would be the relative weight of the magnesium atom?

eseee dont know

in ;§$'ﬂ¢e, we are asking how much Mg would resct with 16 g of oxygen:

Mg . o - “Mg0
8.86 3208 B.06
218 160 o

Now we have 16,0/5,20 = 5.00 times ss much oxygen on the second line, By what factor wiltl
this alter the welght of magnesium required? .

eenes §

Good.
Now how much Mg 1s required?

eosse calc 5 x §.18
2.3
esens 24,3g

Very goodl $o evarything on the. second line-below the equation Is just 16.0/3.20 times
that on the first lines

Mg + .0 =) Mgo -
.28 ¢ 120 ¢ L.06 ¢
3¢ 16.0 ¢ a3 ¢

We see that 24,3 grams of lg reacts with 16 grams of oxygen; this mesns that the relative
waight of Mg is what?

eoene 24,3716
No--remember the definition of relstive welght based on oxygen = 16.0 .
eesee 24,3

Right] And thess relstive walehts are colled ATOMIC WEIGHTE==8 confusing misnomer, to be
surs: ATOMIC WEITHT and WEITHT OF AN ATOH asre two different things., More on this later,
Now-the only troubla with this Is that we had to ASSUMF that the fornula of magnesium
oxide Is Mgh--a 1;1 ratio of Mg to 0. 1t turns out that this assumption, for many simple
oxygen compounds, !s quite correct. However, this Is not always true, Let's look at
water, the nxlde of hydrogen. Since hydrogen fs the 1lghtest atom, 1t should have o
relative welght of 1, S0 let's look st an experiment with oxyzen and hydroean:

hydrogen + oxygen =) water
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THE _MOLE CONCEPT

“GOND FOR, ANYWAY? "
"!"“ ?Ria:glfsoxysen u;ms, add 1 chlorine, and stir well, mlxing in 1 hydrogen a:?:e; ;h.e
Because Indlvidual atons are too small to welgh out, It Is more conv:n!om 5? ronuh i 7
welghts of flxed large numbers of atoms when specifyling the recipes {or god e:ds‘u”
perchloric acld. But even |f we took &0 oxygens, or 500000000 oxysens, :e u:u dsul
not have.enough to welgh., Instcad, we need more tike 100020 or 10e25. By the way, ¢o- -

you know what both of these numbers mean? :

enese yes | -

*

- understand exponential notation; we will use the *e" from here on. -
;'K',‘elns:::d of plcking some nice round number as our “etandard -quantity of atou‘smi ':e'l:h:
more convenient to pick that number of atamg whose welght Is the retative or at' ”cbe o
of  the element. For example, our standard working quantity of hydrogen ﬂonsh- e
many H atoms as It takes tn make up 3 total weight of 1.008 grams, which Is the
welght of H. This number of atoms Is called ONHE MOLE.

What 1s the welght of half a mole of H atoms?

evees .5008¢g

plviston error- there are too many 0's In your snswer. Try again.

ennee ,504E

:::’;hat u’loesA 1 mole of strontium (Sr) weigh? (Atomic welght of $r' = 81.6 g/mole)

seeee $7.6
This Is the ATOMIC WEIGHT of Sr, but your answar must be expressed In grams.
ecene 37.6g

Correct! .

How many ;ra;ns of cobalt (at wt * 58.8) are there In
1.21 mole of Co? .

seeee c33¢ 1.21 x 5‘.9_ - -
71,269

e eeee 71,38

Very goodi -
OK, here are a few morel
Now find the weight of gold In 3.06 moles of goid (at wt of Au = 197)3

esiee cplc 3.06 x 197 - )

" 692.82 .
seeee G03g . ’
Right] How many grams of nitrogen would there be In 5.76eS moles of NITROGEW (at.wt = 14.01)7
seees calc 5.76 x 14.01 7

$0.6976

seeee §,07E6
Well donel Now - let's suppose that you have 2 plles:

1 mois of oxygen and 1 motle of carbon
atoms (at. wt. 16) atoms (at, wt, 12)

Doas the oxygen plle contaln more, less, or the same number of stoms as the carbon plle?
(Answer m, {, or s.)

eeeee g

Right! You evidently ‘understand that a mole 1s a NUMBER;
Do you know the VALUE of this number, or even what It Is called?

eeees Avogasdros no.

_ Good! 1t's called Avogadro's numher, and Its value Is 6.02e23 (or 6.02 x 10e¢23),

$o If we have 6.02e23 Oxygen stoms, how many moles of oxygen do we have?

eatete |

0K, .e.and If we have 18.0Ge23 zinc atoms, how many moles of zinc do we have?

eoeee %

Good.
Now what 1f we have 2.0e19 (2.0 x 10ee19) stoms of gnld - how many moles here?
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_ essee c3ic 2,0/6,02
0.3322259
seeee 3326~ -

Correcti

Now, finally, suppose that you have just succeeded In creating & new element in an stomic
reactor-» . )

We'll call our new element lowerium (in honor of Its: eminent discoverer!)., Mow, you

have made only one atom of this preclous substance, liow many moles of this element do
you have? - . -

eeeee calc 1/6,02
. 0.1661129 ’ ) -
“eeees  166€-23 T

Great~ you're right with iti
8y this tinme, you should have plcked up two new {deas:

1) A MOLE Is a number: -6,02¢23 .

2) This number of atoms of any given element has s mass, in grams, ldentics! to the
_stomic (or relative) welght 'of - that element.

The importance of Avogadro's number, then, Is that 1t CONNECTS

ATQUIC WEIGHT -~ ==-=--wlth==-~--<-WEIGHT OF AN ATOM

Th»> use of the mole concept is that It |s easier to .compare. the welights of “some fixed
large number of atoms, than of SINGLE atoms. ‘A mole is just this large fixed number.
Think about this for & while, and then send 8 return when you wish to proceed.

L XITT) - *

Ok = the atomic weight ofsulfur Is 32.06 g/mole, Do you think you.can find the. welght
of 1 stom of sulfur? (y or n, please.) .

sdeee y
OK,work!it out nowl
eeeee 32444
4 PLEASE REPEAT
calc 32.06/6.02
5.3255813 -
cense 5.325;23(

Greatl
And now, what would 4 atoms of oxygen (atomic welght 16g/mole) welgh?

eever calc (& x 163/6.02
10.6312292
eesee 10.6E-23g

.

Correctl 7 -

Now this time we have 1.00 E+17 stoms of chiorine; how much would thiswelgh?
{Atomic weight CI = 35.45 g/mole.) -

eeeoe calc 35.45/6.02
5. 8887043
eeeee 5,89E-6g

Very good! .

OK, you should now have s pretty clesr fdes ofthe relstion between astomic weights,

welghts of atoms, welghts of substences (e.g.,"13 g of iron", etc.), and the definition
of the mole.

>255CHD OF MOD 9; timae 14 minutes,
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BALANC ING_SIMPLE_EQUAT IONS

N THE BALANCE i
tet's start with sonething stnple - tike the hydropen atom, Do you hnow the symbol for
this elenant?

eeees |}

Right. The symbol for hydrogen Is H, How would you express "two hydrogen atoms" In chemical
symholism? -

eeeee 21

Exactiyl
"21" means “two hydroren atoms"., But do you know what
"t " means?

2.

eesee 1 hydrogen rolecule

Cor A-hydrogen OLECULE! - .

Thl;efg';’.ust ’t’uo ﬁirdrozen atoms, joined together: H-H, or 2, if | weren't 2 coy‘l:uten
§ would have typed that "2% as a subscript following the ™*, For convenlence, we'll
just pretend that numbers immediately following symbois for elements are subscripts, each
indlcating the quantity of that kind of atom in the molecule. Thus the hydrogen molecule
would be "W2", - - - .

How would you express "two hydrogen molecules™ on the typewriter?

eeede ”’2

Perfect! ‘

You may slready know that many elements exist ‘as dlatomic molecules (diatomic = THO atoms)

in their pure state. Fluorine (F) Is another elemeot that behaves this way. Write the
formula for 8 fluorine atom. :

eseee F

0.K.
And how about 8 fluorine molecuie?

eeeee £2 -

Right!

Notice, by the way, that If we Just say "hydrogen® or "fluarine”, it is not ciear
whether we refer to atoms or to the dlatomic molecules, Oxygen also forms a dlatomic
molecule, 02. But thls element can also exist as » TRistomic molecule, called “azone®.
Type in the formula for ozone. . F

eedee 3%

Yery good!
Now how sbout "twn molecules of oxone". How would you represent this?

eseee 203

Right.
And how many ATOMS of oxygen are contsined, or bound up in, twn ozone molecules?

VYery good.

Ozone Is an unstahle substance that tends to decompnse Into Oxygen. Suppose that we had
twn molecules of azona. How many oxygeon molecules could we get?

snese 3

Right! )
We can represent this process by means of a chemical equations

ozone --> oxygen
03 - 02

Since 8 chemical equation is a statamant of FACT, It must be consistent with "realicy”,
which telis us that In chemicel processas, elaments (atoms) are neither creatad nor

destroyed. A chemical equatinn tha* Is consistent with this particular fact Is said to be
balanced:

20385 -=> 302
{6 atom~ ' (h atoms)

Please hit the "raoturn” when ynwu are resdy to praceed,

Suppnse that }ou hava §) molacules of nzone. tould the equation, as written sbove,
stitl apply? (answar yes or nn, please)
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Right! You evidently understand that the coefflclents In a chemlcal eauation reatly stand for RATICS.

The equatian vritten above says that the ratlo of the purber of molecules of oxyren

forned, to the number of ozone molecules consumed, Is 3:2, or 3/2 (or 1.5), ‘

Now suppnse that we had 6108 mulucules of ozone, how many molecules of oxygen could our reaction give us? -
ssees cate (3/2)xfi198

9297,

asees 9207

Very gnod}l
Here's another.

Phosphorus and bromine react tn form phosphorus tribromlde:
-Br2 ¢ P -=> PRr3 )

Commence the process nf balancing this equation by typlng In the number of Br2 molecules
(less than 20, pleasel) you would like to try usine. .

eeees §- ) B i

Since edch Br? molecule anntains twn Br atoms, this gives you 12 atams'of Br to work with on the left.

Now how nany PBr3 molecules can you get from this number of Br atoms? -
eneee § - . B -

Good! e have: . - .

6 Br2 ¢+ P, -=> & PBr}
And how many P stoms do we need? , : . -

sneew | 1

Vary good! That's fit.

The combustion of hydrogen with oxygen to form water vapor is a well-known reaction.
Just to be different, | will pick & random number and Insert It #s 8 coefficlient
ahead of the oxygen:

_H2 ¢ 902 -~ _H20 -
Now with 9 oxygen molecules as shown, how many hydrogen moleculas are required?

asaees 13

Right - twice as many H2's are needed.
And how many H20 molecules are produced?

enees 9

NO - notice that each 02 molecule contalns enough oxygen for TWO H20 molecules.
how try sgein.

aeeen 1t

Certalniyl

Our equation is:

I8H2 ¢+ 902 ~-=> 18 H20

What number must we now divide thru by In order to produce an acceptable equation?
FIIIX ] li

Right; tha equation is now balanced and written properly:

2H2 + 02 --> 200"

Do you want to try thh‘ap,am‘l

setew fi0

OK, Now finally here's an equation -representing the combustion of & hydrocarhon fuel;

we'll iat you start by typing 3 nimbar under any one component; this will be the
coefficiant of that component In the reaction., Use the space bar to pasitinn the

_typebali inder the desired term.

Calilg ¢+ 02 =~<> CO2 + H20

OK, you are starting with . 8 motaculas of oxyren;
How many O-atoms does this amount to? .

seeee I
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How hew tisny O
owe how o Y 0 atons ara regqulred (o completely oxidize all the € and Y In ane molecule

Teewee 3y

torrect; How yau h

ad lh Oxygen atong = YMORE than the minlny
y, A . g natabey
molecule nf CHHLN, You should thereture cut down on the numm-r|nf

will have none left over, NAYRER gl 30 you

. thls amount to? Yuu need only 13 nayzen atoms ~ how mary 02 MOLFSULES does

seene (.5

0K, s0 we have:

culn ¢+ 6,502 --> C0? + H20

But we don't llke to use non-integral cocfflcients like “6,5".

- What number of 02 molecules should your use instead?

egees 1%

0K - and since this Is twlce as much 02 as s required to oxidize ont molecule of G0,
what coefflclent do we write In front of the butane?

enens 2

Of course! -

We now have:

2 CMln ¢ 1302 --» ___ 02 e ___ H20,
How many C02's do we get?

eeeee § .
Correct.,
And how about H20 - what coefficient goes here?

eeces 10

Excellent, -

That's It -~ the equatlon Is balanced. :

You have balanced the equation just once; we would now Vike you to try
doing 1t acain, but this time commenclng hy placing vour first
coeffliclent ahead of some OTHER molecule than the one .you first

started with last time, Once again, use the space bhar to

position the typahall under the term you wish toc deal with first,

CAH10 + 02 --> €02 + H20

eeene 10

OK, you are starting with the carbon dlox!de; .there are 10 carhon atoms in 10 molecules of CO2,

How many molecules of CkH1) are roqulfed to supply this number of carbnns?

eedee 3}

NO; notlce that each butane molecules contalns FOUR carbons, so can yleld & €02
molecules, How many butanes are neaded to supply 10 €02 molecules?

eate0e 2.5

Righe;
So c!;arly, the number of CN2 molecules you can obtaln from this reaction must always
be some IHLTIPLE of &, .

Picase eiter a rew value for the number of .molecules of CO2 you wish to use in
balancing the equation.

seese 12
0K, there are 12 carbon stoms in 12 molecules of €02,
How many molecules of C4iil0 are required to supnly this number of carbons?

eaeeee 3

A

Right;

You'need only 1/4 as many CUHIN molecules 8s COZ molecules In the equation; you were
wisa to chnose a multipte of & CO2 moleculest
Now how many water molecules can yoll get from the hydrogens contalned In 3 molecules of

teeee 15

Correctl We now hava:

S ChHln + 02 -=) 12 €02 + 15 H20

How how many oxygen ATOHS do we raquire for all this?
eeses 39 R

3Cunn o+ 3502 «-> 12 €02 ¢ 15 H20

And that's 1t}

CiH107

requlred te oaldlze a1t the € and H In ane

W
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FOPNULA W 1L ES

One mole at carbon atons welphs

sevts 12

modll
FORMULA & MOLFCULAR WE IGHTS

"’
- l‘

12.01 proms, What Is the ATOPIC UELIQT of carbon?

Plcasce answer to 3 sip. slpures preclision,

seaes 17,01

+ wWhat Is the mass of one ATON of €7

sensr calec 12.01/6.02
1.9950166
seee 2 00e-25¢
+  The atomle wt. of oxyren is

estee 331c 16.0/6.02

16.0; how much does 12.04 £23 atoms of O weirh?

What's (2 moles) x (16.0 g/mole) ?

esnes 37p

Please Include 3 sip. flgures In your answer.

sseee 32.0p

Now carbon burns In alr to glve
molecule of €027

eveer 3
+ And how many atoms are there
esesrs 18.06e23

correct 18.06c23 or 1.8le2h.
Now we found that:

1 mole of C = 12.0 &;
What would 1 mole of C0Z welgh?

vonss L4 0g

carbon dloxlde, CO2. How many atoms are there in one

In ONE MOLE of C027? .

1 mole of 0 = 16.0 g&.

+ What would one MOLECULE of €02 welgh?

eeses calc Uh/6.02
7.30897
eenss 7.31le-23g

Correct;

Notice that the molecular welght Is just the sum of the atomic welghts of a1l the atoms

In one molecule.
What 1s the molecular welght of
(H = 1.01, $ = 32,1, O = 16.0)

ennee G,

sulfurlc aclid, H2504?

+ | have 10.3 g of H2504; how many moles does this correspond to?

seves calc 10.3/98.1
0.104L9949
eness 005
+ Here ts 3.4 mcles of H2S04 =
evese calc 5.4x98.1
333,54

eoses 3I3p

of 1 mole of sugar?

(C » 12, W=1.0, 0 16)

eevet calce WG ¢+ 22 +(12x16)
3688,
encwe 358

what does this amount of acld welgh?

.+ Ordinary sugar has the formulo C12 1122 012, What would Le the welpht, in Aroms,
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NAMES & SYMBOLS OF ELEMENTS

BRAVING THE ELEMENTS

1t's important for you to know the namas and symbols of the principal elements,
There are two Ways we can give you exercise on this »

1) 1 type the name of an element and you type the symbo! for lt.‘

2) | type the symbo) and you type the name of the element.
{in elther case, 1'11 help you if you get stuckt)

¢ ou type well enough to do (2) ?
(;usuofyzlmnu are of course longer than symbols;) Answer yes or no , plesse,

eeeee yQs

Goods in that case, we will try both, | will select the elements at random from 8
Hstf if | type & :\m, you type the symbol; If | type & symbol, you type the name.
if your answer |s correct, ! will scratch the element off my 1ist. If you make 2
mistake, | will save the element and pick It again later.

If you are stuck, type @ T and | will give you the answer = but will ask you agein.
later! Plesse send 2 carrisge return when you sre ready to stert,

[ X T1T)

ANTINONY

eseew An

no. .

eeeee At

sh (Lat, Stibium); oplease enter,

seeee $b
$b; a matel.
Na
- eseee godium
M
e soee maganese

it's spelled MANGANESE ; please enter,

e eete Mmanganese - - -

LEAD

seeee Lg

m.
Pb: please enter.

esene Ph

Pb;
XENON

eoene Xe

Xe; an "inert"gas
Rerest of the stable elemants: 0.000009% !n air; >Gr. xenoss"strange one"

LEAD

eeeee Ph

Pb;
Jlat. Plumbum (whence "piumber”); known In antiqul ty.

ARSENIC
eeeee Ar
o,

seeee Ag

As}

41
eseee g{licone
it's spetied SILICOH ; plesse enter,

Geter giljcon
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Empirical Formulas from Weight Data

WHAT 'S THE FORMULA?

How can we determine the FORMULA of a chemlical compound, when we cannot see, and thus
count, the numbers of each kind of atom prasent In the molecule? There are two ways:
one is to WEIGH the amounts of the elements that react to form the compound, and then
convert these welzhts to moles. For example:

0.875 g of Al reacted with chlorine (€12) to glve 4.325 g of compound. ithat ls Its
formula? 1.e., what are x and y In the formula AV(x}C1(y)?

FIRST, find the welghts that reacted. How much chlorine Is In this compound?
eseese calc 4.325 - 875
3.45
seseve 3 4S5 g
Good~ we see that 4.325 g of our compound contalns .875 g of Al and 3.450 £ of Cl.
izt bingtariieL i S Hre T A
eeees calc .875/27
0.0324074
eesee (324 mole

Good -~ and now for the chlorine. There are 3.475 g iIn thls compound; how many mole: Is this?
(at wt of C) = 35.5)

eeeee calc 3.475/35.5
0.0978873
eesse (979 mole
Correct. In terms of MOLES now, we have:

Al ()
+0326 mole .0979 mole

Now this Is not a proper formula = but !t does represent the mole PROPORTIONS -
which will be the same In the formula. What Is the MOLE RATIO of Cl to Al In this
compound? . .
eeeee cplc .0979/.0324

3.0216049

eseee 3:]

Right = call it 3:1 or 3. )
So for every THREE chiorine atoms, there are how many ALUMINUM atoms?

eddee }
Certalnly = So how would you wrlite the formula?
wetse AIC)3

Great! Remember that this Is only the SIMPLEST formula, consistant with the mole ratlo of
A1:C) that we determined. (The ACTUAL formula Is A12C16, but that's another story!)

Now the other way to determine formulas Is Just the reverse: Instead of MAKING a
compound, we BREAK IT DOWN, and walgh the amounts of elements we zat. This Is called
ANALYSIS, and the results are ususlly glven In terms of WEIGHT PERCENTS of the varlous
elemants present.

For example:

A certaln compound Is found, upon analysis, to have the following welght-percent
composition:

“2.93 C 57.1% 0
How many grams of carbon are there In 10? grams of the compound?
ovede '2.9 £
How many MOLES of carbon (at wt = 12,0) are In 100 grams of this compound?
eseee 42,.9/12
Please divide It out, using CALC, and enter the answer.
eveee calc 42.9/12




seeee 3 .58 moles

Right! 0K, now let's look at the oxygen. How many grams of oxygen in 100 g of the compound?
eeeer 57 . 1¢

Good. Etach mole of oxygen atoms welghs 16.0 grams. How many moles of oxygen are there
In 100 g of the compound?

eeeee cale 57.1/16
3.56875

eeeee 3 .57

We now have the beginnings of s formula, because we know the relative number of moles
of each element present: 3,575 or 3.58 moles of C, and 3.57 moles of 0. Rounding
down to 2 sig flgures (owling to exp. error In the percent data), we have:

€(3.6) 0(3.6)

D E———— N
There are 3.6 moles of each elemsnt present {n 100 7 of compound, This means that
there are EQUAL NUMBERS OF MOLES, and therefore EOUAL NUMBERS of both stoms present,
What would be the simplest formula of such 8 compound?

seeee €O

Notice that the number “3.6" garose only because we considered an ARBITRARY amount-~
100 grams, of the compound. We could just as well have flgured the nos. of moles of
the elements In 1 gram, 1n 37 grams, or 9004 grams. In any case the MOLE RATIO of
€:0 would have been 1:1, no matter what the asctua) number of moles (%.6 or 36001);
ail we can find here Is the SIMPLEST possible formula,

Now let's try another = which will turn out to have a s)ightly more complicated formula:

& compound contains 90.6% Pb (st wt » 207)
and 9.0% 0 (st wt = 16,0)

Flest, wa pant to find che pelasive numbere 28 malas of Ph o pnd N In an arblitraev
waight of the compound.

How many moles of Pb ara there In 100 g of the compound?
eeeee c5lc 90.6/207
0.4376811
seees 438 mole ‘ R K
And how many moles of O are there In 100 g of the compOund? ¢
0090 calc 9.4/16
0.5875
eseee 588 mole
OK = we have the following mole ratlo:
" 0
438 mole +588 mole
Now this doesn’t look very promising = no "small, whole numbers® here; but waltl

There Is a sure<fire way to get at least one such number: divide thru by one of the
numbers we have just determined: .

[ <] 0
+438/.438 588/.438
For the Pb, what relstive no. of moles do wa have now?

seeee )

Success! A smal), whole number If ever there was onel
How about oxygen = what mole ratio here?

eeese calc .588/.438 .
1.3424657

eeeee 1, 34

$0 we have!




Mod 18
Quantum Numbers

The region of space (centered about the nucleus) In which the electron manifasts Itself
is calleud an ORGITAL. Modern atomic theonry characterizes each orbital by a set of three
QUANTING NUHBERS. Do you know what the most fundsmental of these qusntum numbers s catled?

esete n .

fRight = this Is the PRINCIPAL quantum number,
ilhat 1s the lownst value that g can take?

tecee ] R

And what Is the next larger value of pn?

seeene 2

0K, so p takes integral values 1, 2, 3, etc. The larger the value of n, the larger the
electron cloud. 0 corresponds to the "orblit" number of the old Rohr model; we still
refer to the "1-shell", the "2-ghell", etc.

How for any vatue of 0, we can define another quantum number 1. _lcan hnvc any
integral value from 0 to n-1. What values can ] have when n=2?

eesee 0 and 1
Right. How many differant values can 1 have when nek?
eveee 3

HO -~ the minimum value of 1 Is 0; the maximum value IS n-1 = §-1, Now try.

eecee §

Cood, In general, then, thers are o valuei of 1 for each value of p.
Orbitals coresponding to different ]J-values are given alphabetic names:

s orblitals: 1=0; p orbltals: 1e]; d orbitals: 12
- £ orblitals: 1=3; g orbitals: Is=§; vee@tCuus
e can thus desigrate an orbital by 1ts PRINCIPAL QUAHTUM NUMBER n, followed by the
lctter indicating the l-value,
fthat !s the value of o for a 3p orbitai?
eenee %
And what Is the value of 1 here?
wodee }

How enter the values of o AlID | for the following orbitals:
(just enter the two numbers, one aftar the other)

2s ?

(I L XY
+ 3s
(£ XX1)
¢ 3d
XXX
¢ kp
(XXX X]
+ 5s

B W W & e s w W N
~

¢ 2
tecee 2 1

+ What do we call an orhital for which nsk and 1=37
eveoe &f

Good! And how about ne2, 1e0?

?..... 2s

ney, 1=1?

eseed fp
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And finally, n=}, 1=07?
esens ls
Right ~ this Is the lownst-mnargy orhital possible. Can we have 1o orbitals?

eseee no

Certalnly nnt; the quantum no. 1 can have & max. value of n-1 which In this case is 0, so only
seorbitals are allowed In the l-shell. What Is the lowest value of n for which
d-orbitals are possihble?

eesee 3

Correct! 5o what different kinds Of orhitals are avallable In the n=3 shell?
teeee s p°d

OK, and how about for the n=*2 shell?

eweed S D

And finally, what orbltals are possihle for the n=5 shell? ]
eeses sp dfg Lt

Excellentl
liotice agaln that there are n values of } possible for any value of n.

How we must Introduce another quantum number, f. For any value of |,

;0 can take the Integral values =1...0,,..+1, There are then 2141 values of @
for any value of L ( the 1l-comes In hecause m=0 Is allowed ).

tthen 1°2, what valuas can m take? (1list In numerical order)

eeete -2 ~1 () ¢] 2

Exactlyl There are FIVE de=nrhitals possible, having these values of m.
And what values of 3 are possible for s-orbltals?

eesee )

Right. Thare 1s only OHE possible s-nrhltal.
that m-values are possible for p-orbitals?

ewees »]1 () ¢}

0K, we have THREE kinds of p-orbltals, having me-1, 0, and ¢1.
tic dce, then, that there can be

only 1 s-orbital (1e0)
but 3 p-orhitals (1s1)
and S d-orbitals (1=2) ,.,..
Would Yyou care to guess how mi;y f-orbitals (1=3) there can be?
cesee 7
Hell done; the m-values are =3, =2, =1, fi, +1, 42, +3,
in general, there are 2141 possible values of 1, and hence this number of ORBITALS,

for a glvan value of 1,

tlow EACH orbltal can accommodate THD-electrons. Do you know what is DIFFERENT about
the two electrons In each orbltal? “

eeese they have differant spins

Exactly - Thelr $SPINS are opposite, corresponding tc +1 and -1 values of the spin quantum
number 3. In any case, the rula |s HO MORE THAN TWO electrons per orbltal.

How many 3s electrons can thare be in an atom?
esene 2

Correct.
Hlow many 2p electrons can there bhe?

etheee 2

10 = remenher that there are 3 values of m here. Try again.

eveee §

flow about fd elactrons? licv many can there be?

ceets 10

Flnally, how many Af Cor Sf, or K1) -!;ctrans”ean there De In ahy atom?
eeeee 1k . N . ?‘a

et




mod 18
Electron Configurations

ELECYRONS Ih ATOMS

An ORBITAL 1s a reglon of space in which an electron has a high prohabiiity of
manlfesting ltself, Differant orhitals - &s, 2p, 3d, for exampla, correspond to different
POTENTIAL ENFERGIES of tha electrons that occupy them.

POTENTIAL ENERGY Is the energy @ hody has by virtue of Its ____ 2
(Uhat goes in the blank)

eeewe Jocation

Rightl Potential energy depends on the LOCATION of an ohject In a force field. |f the object In
question is an electron In an atom, what {sS the source of the force fleld?

esees the nucleus

Good! . .
The electrons of an atom are attracted to the positive nucleus. Suppose we have an
electron In an orbital fairly close to the nucleus. Will Its potential energy be
higher or lower than that of ona that is in a more distant orbitalt

{answer  h or 1 .) .

sseee |
Certainlyl ,,.just 1lke a book closer to the floort -
tiow the potentlial energy of an atomic orhital deéends malinly on the value of the
PRINCIPAL QUANTUM HUMBER, n, for It is n that determines the AVERAGE DISTANCE of
the electron (or electron cloud) from the nucleus.
The energy also depends, but in a vary secondary way, on the value of the quantum
number 1. Generally, the trend runs

s (lowest) n d f C(highest)
What Is the LOWEST-energy orbltal possihle In an atom?
eeeee ig M
How In order tn shoy how many ELECTROME a nartlcular oarbltal gratains, we follow che
orblital designation with a number ~ ordinarlly a superscript: thus "1s2" mmans that
there are TWO eleétrons In a certaln orhlital. How would we designate the electron
conflguration of HYDROGCH, the simplest atom?

eteee 131

Right! The next atom, helium, has an atomlc number {(nuclear charge) of 2, so it contains 2
electrons. WHhat is the conflguration of He?

eeese 1g2

Right. The next element, lithium, has an atomlc number of 3. Into which orbital do the "firse"
two electrons go?

veeen g
Good. And into which orhital does the third electron go? *
eseee 23

Correct; So what is the complete electron configuration of LI?
eesee 152 251

Very good! We have, then, the first few elements:

at not 1 2 3 § H
efement: H He L Be L ]
conflg: 1s} 1s2 1s2 2+ 1s2 2s2

into which orbital doas the "Fifth" ! .. *-un In Boron (B) go?

eeeee 2p
Good. So the OUTER SHELL configuration of boron s what?
seeee 252 2p}
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Excellient! The next few elcments are:

at no. 5 6 7 8 9 10
element: 8 < N ] F Ne
conflg: 252 2p1 .

flovd many 2p electrons does Carhon (C) have?

teaee 2

0K. llow many OUTER SHEL L electrons does Nitrogen (N) have?
sesee 3 '

flow many eiectrons are In the 2s and 2p levels of N?

sessw §

Right. And lieon?

. What Is the outer-shell (n=2) conflguration of HNenn? .

sesee 252 2ph
Very good. leon has a total of ten elactrons. How many of these are In the outer-(n=2) shell?
ecese 8 ’
Correct. The next element after neon Is Sodlum (Ha). What s the .atomic number of sodium?
veane 11 '
Right. What Is the outer-shell electron conflguration of Na?
ethee 351
Very goodl ile have:
at no. 10 11 12 13
symhol Ne Ha Mz Al

contig. 252 206 3s1

What goes In the blank under Magnesium (Mg)?

senes 3g2

0f coursel And what goes In the blank under Aluminum (A1)?
essee 333

H0 - we can NEVER have more than two 3s electrons.

tewwe 352 3p}

Great! Aluminum Is 3pl, and In the next sevaral elements, the 3p orbitals get fllled. What would
be the atnmlic numher of the element In which the outer~shell conflguration Is 3s2 3p6?

&
sssee 18 -~

Right. This would be Argon, with 1s2 2s2 2pf 382 306. Notlice the "s2 p6" CLOSED
OUTER=SHELL conflguration. Argon is tharefore simllar to Neon (1s2 232 2pf)
and to Hellum (1s2) In that they all have fllled ocuter sheils,

tthat are the ATONIC NUMBERS of these three flilad-outer-shell elemants?
(Enter all three, one after the other)

sesee 2 10 18 .

3

Very good! tintice that the difference Is EIGHT electrons In each case; each®closed=shell®
slement has two s-electrons and six p-eleactrons (s2 ph) more than the preceeding

one.

Argon, elenent 18, has the 3s2 3p6 closed shell. The next element Is potassium (K).

What Is it's outer-shell conflguration?

X1} bs' 3

Rightt And Calclum, the next elament?

senee kg2

Good. And Scandlum (5c), the next element?

etese ks23dl




Fine ~ you renembered that the 3d shell begins to f111 here.

What, then, would be the cinctron conflzuration of Sc, showing ALL the n=3 and nek orbltals
that are occupled?

seess 3¢2 3ph 3d1 4s2
Very good!

(lie) 3s2 3p6 3d1 4s2
This Is one way of representing the conflguration of Sc; the "(Ne) indlcates the
1s2 2s2 2p6 part of the confleuration that corresponds to the element neon. We could
also write this conflguration using the symbol of the next Inert gas, Argon;

(Ar)

What goes In the blank space? (remember that Ar has 8 more electrons than Ne)
teeee 3d1 4s2
Exactlyl This Is the preferred way of writing conflguration for the heavier elements.

How do you remember how many electrons the d-orbltals can hold?

eveee 10

Right. We saw that Sc, element 21, has 3 3d1 &s2 conflguration. what would IRON, element 26, be?

»

eeses 3d6 4s2

Correct! At what atomic number do we attaln the fllled 3d10 &s2 conflguration?

etase 3

This corresponds to Zinc, the last of the TRANSITION serles of the kth row in the perlodic

table. Intn what orbital does the electron In Element 31 (Galllum) go?

seeee §p

Correct - we now begin to fi11 up the §p levels.’
Hhat s tiwe configuration (outer shell only) of Elsment 367

eeese 432 4pb

Good. This Is the next "s2,p6" Inert gas element, krypton (Kr). lNotlice that the sequence

of such elements so far Is:
st nos. = 2 10 18 3
Why Is the gan so much greater for the Kr, the last one?

eeeee because d levels are flliled

VYery good...The 3d levels were filled here; since d-orbltals cannot exist for ns=1 and n=2, the first

two serics of elements were shorter, what do you think the atomic number of the NEXT
(after Ki) "s2p6" element would be?

eeees Sk -

Right! This would be Xenon, Ss2 Sph.
This takes us up through Xenon, 5s2 Sp6:

2 10 18 36 Sh

He e Ar Kr Xe
To get to the NEXT analogous element, Gs2 6p6, we must add not only d-electrons
(5d, thi< tine), but also 14 &f electrons. What would the atomic no. of the
element with 6s2 6ph conflguration he?
sseee calc Sk + 18 + 1%

" ss.

eteee 8K

Right! This brings us to Radon, the last of the known s2p6 Inert gas slements.
it also brings us to the end of this module,,.

LRIC




b
¥

O

ERIC

Aruitoxt provided by Eic:

mod 20
The Nucleus

Host of the MASS of the atom Is concentrated at Its center, within 2 body known 3s the
—t

»
eeeee pucleus

The mass of the nucleus {and thy : of tﬁ; atom) §s due princlipaltly to two kind s of
particles. What Is the name of ONE of these nuclear components?

sesee proton

0K, and what Is the other kin (of nuclear particle ca)led?
®eeee puetron

it's spelled HNEUTRON.

®eced pneutron

Good. ) .
The neutron and the proton have aba ¢ the same ___2 .
(What word goes In the blank?) .

tecee mass

What |s the approximate relative mass ("atomic welght" ) of the neutron and proton?
teeee 1 hdf -
Correct; We will take the relative masses of the proton and ne ¢ron as 1.6; the actual figures are

1.00728 (p) and 1.0086G6 (n), What are the UNITS In which these relative masses are
expressed? .

eeese amu

Right - They are called atomlc mass unlts, amu.
The neutron and proton thus have about the same mass, but they differ In what?

teeve charge
+ Hhat electric charge does the PRITON carry?

tetee )

CK, but the 1 shoLld be wieceadad by the charge 31GN. Piease enter both the sign AND

Vhe cwnber =7 chirgas,

teced of
So the charge of the proton Is +1. And what Is the charge of the NEUTRON?

teeee )

Correct - The neutron carrles no charge at all.,
He have ssen that the proton and neutron both have a mass of sbout 1.0 amu.

The HELIUM nucleus contains twp protons and two neutrons., What Is the approximate
mass of the hellum atom?

estee §

You left off the UNITS of mass - called amu. Please try agaln.,
eeves § amu ‘
¢+ Good - this maans that the ATOMIC welght of He Is what?

setee §

Correct~ the atomlc wt of 3 nucleus Is sometimes catled Its MASS NUMRER,
There Is another form of hellum whose nucleus contalins two protons but only OHE neutron.
What Is its atomic mass?

teote §

Corract.

There are TWO kinds of He nuciel, having atomic masses of 3.0 and k.0, respectively,
He call them Hle-3 and lia-4 (the numbers are ordinarlly written as SUPERscripts).

At:?; or nuclel having the same numher of protons but differing In atomic mass are called
W

[TTYY) ];otopgs
Right. Do you know what & RUCLIDE Is? (yes or no)
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NUCLIDE Is a term that refers to any glven klnd of nucle &, having a partic dar number
of neutrons and/or protons.

The number of protons In a nucleus defines the ATOMIC HUMBER of that nuclide. Atomic
number is often designated by the symbol L .

What Is the Z-value of te-3 ?

eseee 3

HO = three Is the MASS HUMBER.

eseee 2 g

And what Is the Z-value of He-&?

sseee 2

Goad - you see then that A)) ISOTOPES of a glven element have .the same 2. .
eeeee mass !

I1SOTOPES are defined as nuclides of the same element which differ In mass, owing to
varying numbers of neutrons. The atomic numbers of two Isotones of a glven element
will be the same. Now answer.
ateee 7

Are lle=3 and Hi-1 Isotopes?
eweee no

Are lie=3 and H-3 Isotopgs?
sesee nO.

He=%'and H-% ha.ve the same __ 2 .

ssens mace npumher

Both nucllides have the same MASS NUMBER. S$uch nuclides are called ISOBARS. Can a palr
of lsobars have the same value of 27

eeeee noO

Certainty not; If two nuclldes have the same MASS and the same Z, they also must have the same number
of neutrons;: they will thus be IDENTICAL nuctiides. The term "isobars' only applies

+to DIFFERENT nucllides with a common mass number.,

The MASS HUMRER of a nuclide |s designated by A; {t Is the sum of the ATOMIC NUMBER
; lqd the, HEUTRON NUMDER N

‘What ls_th_a mass number of the nuclide of CARBON (at no = §), containing & ne ttrons?

esevees 12

Correct = this Is designated C-12 ("carbon-12"), .
What Is the NEUTRDN KUMBER of Ar<«0?7 (The atomic no. of Argon Is 1)
L. L. Je BY R .t . ' N

canee 22

Good. " The nuclides !a-23 and Na-2k have the same values of ___ 2
(Answer A, N, or 2)

tatees 7

Correct; Isotopes of the same element always must have the same Z,
since 2 definas the element NAME,
For two nucllides to have tha same ELEMENT SYMBOL, what must ba the same? (A, N, or 2)

aobee T

“Right =-.the atomic number controls the NAME of the nuclide, and hence of the element.

Aruitoxt provided by Eic:
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mod 21
Relative weights of atoms

cOk: RELATIVE HEIGKTS OF ATOMS AND YME ATONMIC UEIGWT SCALE
The mass of a cartion atom Is 1.99F-23 g. An atnm of SULFUP walphs 51325-2! ”.
Thus an atomof S Is ____2 times heavier than an atom of (.
e¢eeee calc 5,32/1.99
2.6733668
eeeee 2,67

Correct! Let's call the mass of the € atom 12.00 on an arbitrary scale, ihat Is the mass of the
S atom on this same scale?

seeee cale 2.67 x 12
32.04
eecee 32.0
:gg;;r:: mass 'of the C atom 15 e st 12200r sherwint Battnet NS S 2o, 0F the
L

eeeee 32

Exactly! The mass of the iron (fe) atom.Is 9.270C=-23 £. Vow many times heavlér than this is
the atom of carbon (mass = 1.99E-23 g.)?

eeeee calc 9.27/1.99
§.6582914

esteee 4,67

Good. If the mass of the IRON atom (Fe) Is 9,27E-23 g., what |s Its mass relative to € = 12,007
eseee calc .66 x 9,27
43.1982

teeee 43,2 e-23g

Not correct;
What Is the ratio of the mass of an fe atom to that of a € atom,

as calculated above?

eeeee § .66

0K, a Fe atom welghs 4.66 times as much as a C atom. Now If we call

the relative welght of- a C atom "12", then whot wil) be the relative .
welght of the Fe atom, on the same scale? N

eseee calc 12 x §.66

$5.92

=+xees §§ ¢

An aton of H=1, the common Isotope of tha 1ightest element, hydrogen, walghs 1.67E-2% &
What Is Its relstive mass on the scale of ¢ (1.99E-23 g) = 12.007 .
¢eeee calc 19.9/1.67

11.9161676
eteee caic (1.67/19.9) x 12.00
1.007034 =

(21X 1)) l.ol

Varsy d. Orr nf tasulege N s . ¢ s ..
v th::rof ¢ :'1;.05"?1.35éf§§t,3‘3“' iz lead {Pu}, 3.440-22 4, Whei would be fvc waight relative
teeee calec 12 x (34.4/1,99)
207.4371852
tetne 207
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Good. Because the massas of Indlvidual atoms are so extremely small, It Is convenient to speak
of thair RELATIVE welghts, on a scale such that the 1ightest atom has & relative welght
of about 1, and the heaviest about 250.

These relative welghts are often called ATOMIC WEIGHTS.

Upon which atom Is the atomic welght scale based? -

eseee carhon

Hell almost.... .

The atomlc weight scale Is based on carhan-12 (the princlipal Isotope of C), having 2
relative welpht of exactly 12,0000, :

Atomic welghts, being relative welghts, can be thought of as RATIOS; they sre
therefore DIMNENSIONLESS and need carry no units,

Each "unit" on the atomlic welght scale corresponds to a real welght of 1/12 the mass of @
C-12 atom. This welght (1,6RE-24 g) Is called the ATOMIC MASS UMIT (amu).
Use this value to find the actual mass, In grams, of a carbon atom.
seeee calc 12 x 1.66
19.92 )
vecee 19,9 E-24 ¢
Certainly: Ve have (12 amu) x (1,66 E~24 g/amu) = 19.9 E-24 g.

Use the value 1 amu = 1.66 E-24 g to find the actual mass, in grams, of an atom of nitrogen
(at wt = 14.0).

The atomic waight of BROMINE (Br) Is 79.9; what would be ‘the welght of ar averagze
8r aicm, expressed In amuts?

ttese 79.9 amu

Exactly! ihat Is the mass In grams, of the atom of ARSENIC ?
(at wt of As = 74.9; 1 amu = 1.6 E-24 g)

eeeee calc 1.66 x 74.9
126,334

secee 1,24 E-22 g
Fine. You should see, ncw, that the ATOMIC WEIGHT of an element ls strictly proportlon.al to
the UEIGHT OF THE ATOIt of the element; atomic weights can therefore be used to
directiv Compara atons on a welght-for welght basls. Ffor example:
that s the KA“1u oT the masses or tne atoms of BAUIKAIGE 8nd. MAGHES i UIT
(at wts: Br = 79.9, Mg = 24.3)
eeswe calc 79,9/24.3

3.2880658
eieee 3,29
Good. The macs of the chromium (fr) atom (atomic welght = 52.00) Is 8.63 E-23 g.

that {s the welrht, In grains, of the atom of strontium?
(at wt of Sr = §7,.62).

eeeee calc (87.62/52) x 8.63
14, 54155

eeved 14,5 £-23 ¢

Very good,

Suppnse | have equal weights (10 g, say) of carbon (at wt * 12.0) and of oxygen (at wt «
16.0). In this sample there ara:

1= more C atoms than O atoms;

2 = more 0 atoms than C atons;

3 = equal nos. of € and 0 atoms.

Choosean answer and enter lts number..,

(221 1) 1

Certalnly!l So In comparingequal MASSES of atoms of different atomic number,the atoms
with the ________  atomic numhar will be present In greater abundance.
(Answer h (higher) or ) (lower))

Right! Which welghs HORE? 3 atoms of SILICON (81 t N
(C1, at wt = 35,5) 7 ) ¢ 8t Wt 28.1) of 2 atoms of CHLORINE
{Answer C1, S, or ns = not surm )

otooo.g!

Corrmct: 3 x 28.1 1s more than 2 x 36,5,




If wa know the atomlic welght of one element and the welghts of this element and of
another that form a binary compound of Lnown formule, we can determine the
atomic welght of the other element.,

Suppouse that 13.0 grams of element X comhines with 7,12 zrams of element Y to form a
compound whose formula Is XY (l.e., equal numbers of X and Y atoms). if the atomlc
weight of X Is 53.7, what Is the atomlc weight of the element Y?

(ask for help If you get stuck)

eeeee help

In the compound XY, we have equal numbers of t he two kinds of atoms; call this number N,

How much do H atoms of element X welgh ?
esese 13 o

QK, N atoms of X welpgh 18.0 g.
And what do N atoms of Y- walgh ?

eeeee 7,12 2 - S T
0K, 30 what Is the ratio of the welght of ¥ to the walght of X In the compound?
eseee calc 7.12/13 '

0.5476923

seeex Sk}

Good. llow the relative weights of the two atoms must also have this same ratio, since the . .

forrula XY means we are comparing them on 2 1-to-1 basis, Atom X has an utomic
-welght of 58.7. what Is the atoriic welght of atom Y?

eeser cajlc 548 x 58.7

32,1676

seeee 32,2

Right! Once again...

10.0 g of another a2lement O were heated with element R to form 20.7 g of a2 compound
- whose fortwla Is known to be QR. The atomic welght of Q Is 69.7. What Is the atomic

weight of R?
{work this out using CALC, and enter your answer.)
esdes cale (10.7/10) x 69.7
78.579
eeves 74,6

Great]

This Is the end of the modula... You mar now elther sign off or If you. wish to
continue with another module type ‘other®.




