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Objectives: Learn to make the best
possible laboratory measurements.

%?;;Whmhmhmhmhmhmg I w e T

?""’ Today we will become familiar with ;1;:*"" “43

; some critical lab skills like picking We will collect data

?"‘ﬂ e the best glassware for and use it to obtain a

i measurements and making good meaningful result —

o measurements. We will talk about the density of

2 significant figures, and rounding. metal.

: . (i &Wmmmmmmwamwmmwmmww&% \ "

J \' Overview: ‘.

A 1 1. How to use these pre-lab presentations. R

?"” | g 2. Making good measurements i. j

gl ¢ 3. Precision, accuracy, significant figures gl

Lt “:f 4. Procedure for today (summary of what we do today)f: 3

g“ﬁi 5. Density of pennies :

— . Your lab report “"‘f"“'ﬁ- :
Info for y AT

Introduction peemmranommnesmanaeornanaenr s IR D



1. How to use these pre Iab presentatlons

Format of each experiment in the lab manual:
1. Background (or Introduction)

2. Procedure

3. Calculations, Analysis,

-

G 'iE

N Slide 26.)

w o
e
A

in this box. These pre-lab presentations do

-
.

: i
‘ #" Most of the time, we i
£ Before we get started with Experiment 1, will closely follow the &
f let’s buzz a bit about the lab manual and ;?3’ Procedure from the ',‘g

these presentations. Each experiment in lab manual. Today... ‘gg
the lab manual has three parts as you see \: not so much. (See %
;

i

r_

the same. We try to provide a simple,
more concise alternative to the first section J N gfm- ?f&» e .f”“-m..v: 7

I . < .I
N IS IND T 3

L

¥
-

¥ L)

ﬁm (Background). If this works for you, you can e e e &
g skip the Background section in the lab \
sl o And finally, we také you
: through the calculations and
e #’?ﬁ ou should follow along with

> . .. > '! .. > N .
Buzz. Buzz.  Ariirimnisiaiianis ey what we are doing.
P21 S S R R L e e s v s e
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0 presentations.
hagmriiias

Slide 2 always lists

® the objectives.
These are the

3
VS
3

-y
.
< e

!

= W
Each week, we

1. How to use these pre-la

f _~ introduce you to the ,
pal experiment and this ' @
\ should help you write o . .
g . talking points for
R Lo the Introduction [ ) gp f
, ® your Introduction.
before coming to lab. ®
i A%% e |
| — f 2 , i
f : : . . . Rl i :
pa / Looking back to Slide 2 — you can see that R
i we should mention something about e
P making good measurements, precision, Uh-hubh. i
Info for j accuracy and significant figures and finally 5
7 Introduction density. As you flip through this nE
B presentation, look for these bright yellow Foi
signs for more info for your Introduction. |
ﬁ@g faes 4

5
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1. How to use these pre-lab presentations.

in your own words and cover all pertinent topics. Here is an
Introduction for Experiment 1. Yours could look somewhat
similar but in your own words. Notice how all of the “talking

points” were addressed, but only as a preview?

'UF'

'UF'

'UF'

,.W‘

Introductions usually run about a half-page. They should be &

'UF‘

(9 Lﬂ"?&;; 3
B
boss A5 . i

[ntroduction.
Thig week in lab we will uge varioug glageware, balances and i

™

'UF'

rulerg in order to compare how accurately each one makes meaguremente. [
We will practice making good meagurements and will learn how many
significant figures each meagurement gives. We will practice reading one
more number in between two lineg on a ruler or with graduated glageware.
We will encounter exampleg of precigion and accuraey with our

'UF'

meagurements. [n our calculationg, we will review how to uge Qiorpl: i g e

figureg correctly.
We will determine the density of pennies uging a

'UF'

nd volume meagurementge that we will plot go that the glop I\
dengity.




1. How to use these pre-lab presentations.

These presentations introduce you to the experiment, so

you can usually skip the Background/Introduction

section from the lab manual and go straight to the
Procedure (once we are in lab). These presentations are

tailored to go with Dr Mattson’s lectures, using the
same vocabulary and approaches you’ve seen in lecture.

- u

. > ¥ - >

1?'

1?'

e e

. -
\ T C
-

b

- The pre-lab
presentations also

provide an overview of

the procedure followed
each week, however,

they lack the detail that
the lab manual gives.

1?'

b

“So we generally follow
the Procedure section
in the lab manual
carefully. Usually,
word for word. (But as
| mentioned, today is

.

1?'

1?'

1?'

1?'

different.)

1?'
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lab presentat
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analysis of how
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2. Making good measurements.

- ¥ . ¥ . ¥ . ¥ . ¥ . ¥ . ¥ . ¥ . ¥ . ¥ . ¥ .

So this week we are mal;/ng Good (great) |
‘ / good measurements: . measurements start it
What about great ~ with the proper |
. measurements? _ glassware —or e
& equipment such as
: balances.
s { v
—ey ,gﬁ; 1
. The beaker (that you have See that yellow si
. : your foot in) is not very in the corner? That’s
‘éﬁj s0—250 accurate. The volumetric flask a hint that there is
i:::;f:: is very accurate — exactly info on this slide fo
-, 00 100.0 mL. Hint: The word your introduction.

Perhaps something
m.about accuracy and P

volumetric in the name says
it’s accurate.

Info for AR o
Introduction | s sTven ST ST A el B _...czsﬁ::’ﬁ 8
Soh s o Soh s o Soh s o Soh s o ot o A 0 oY e it O AN G | Ly e 00 T _____




ing good measurements

Mak

2.

? How much
? What did you

Well

/

Here | have a 100-mL
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. Making good measurements.

+d - "
by fat g I Y : L e A : . . A
A PN 93 (f10078 =23 » . pe ) » . pe ) » T TN T PRl 23 (A » e b » » s T T
T NIt e m\’ ¢ ¢ d4n N n\"-' "M adae A W ¢ e ata R B n\"-' L o ks A
o B R T T
=3

between 76 and iR SRR
-:-:f{ M A ogd Tt s b 4 '-f:f{.‘.

R
o L 38 i Yo £a
77 mL . Srh A b e Ha R sk e e v o
e e T e o b T e LT b
cee , Sy 12 et ; oy i ;
s u! - 5

<

But we can
estimate one
more place
between the
two lines.

154 rh Vo4 $4 b PN
v-}:"f‘" ey

Info for 4 4
Introduction ek e e e ‘ : HLEiase :
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Making good measurements.
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A good way to
it out loud and

prevent mistakes is
for each lab partner

to read it without
saying i

Yeah, that’s what |

Hint

Ok. | estimate it
as 76.3 mL...
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2. Making good measurements.

Try these.
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2. Making good measurements.
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10-mL graduated s
cylinders work the
:  same except we can Try these.

A

I SO Pt Py dred peod 1
\ ..",g\.,‘fv "'\'-:.i""" - A

& g i {0
I :

read to the
hundredths place.

O
3 e Tt 1y
e A re
B N e T e

Pssst! | got <&
3.08 and

8.73.
Milliliters,
that is.
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2. Making good measurements.

<¢) 2
~y oA

- ~y L e T W .
4 e TR ey Y n~-l..~—,¢.--um1 " u~-l..~—,¢.-.um1\n D T

-

\_

Real water forms a

the bottom of the
meniscus.

~N

meniscus — we read from

_/

...Aaaah... between 52
and 53... Closer to 53...
Sort of 8/10 closer to 53...
so... lget 52.8 mL

Photo credit: http://www.austincc.edu/biocr/1406/labm/ex2/images/graduated_cylinder.jpg
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2. Making good measurements.
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different

analytical balances

| balances we
penny using

get one or two extra places

past the decimal point — better
ial2 2.751¢g

ial3 2.729g
Trial4 2.744 g

ca
Triall 2.763 g

Tr
Tr
Average 2.7468 g

(of the second kind)

The mass of the same 2017 ©

precision

R L PRI O ER:
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Using analyt
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T v 215159
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pocket balances
Trial1l 2.76
Trial2 2.74
Trial 3 2.73
Trial4 2.74
Average 2.743 g

2017 penny using
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icant figures.
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3. Precision, accuracy and significant figures.

1382 9) T8 M =t
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That brings us to significant figures — Sseiieimedoanerionn e
and the rules for adding, PR SRR S R

i subtracting, multiplying, and

it dividing them.

How many significant figures are
gzm  present in each of these values?

18.99
0.0042
0.01610
12.002

47000
100. ;
i) : ocles SR

- 1
‘faw...‘\.. et B bt b TP Mgy A N TR R P Mgy T P TR i W iy A ST R i W Mgy AT NI S gy T SN B W gy A e B e g Lol

Ooo ooo!
Ask me! I'm
Gl a numbers
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e et
x e
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3 Precmon accuracy and 5|gn|f|cant flgures

' - g‘?‘ 4 - | %’»‘
‘: How did you do: i Moving along, numbers
i | hat are defined have an :
18.99 (FOUR) ‘
: infinite number of
0.0042 (TWO) significant figures \
0.01610 (FOUR) because they are exact.
B 12.002 (FIVE) For example, 1 dozen = e
R 47000 (TWO) 12, or 1 m=100cm. Ehaiah
s 100. (THREE) ; ” And my personal ,

favorite: ImL=1cm3

rEaetiele, L rEaetiele, L rEaetiely,

Here are two bizarre
exact conversions (by
definitions):

— both have five sig figs:

1L=1.0567 gt
1 pound = 453.59 g

1 inch = 2.54 cm exactly
1 cal =4.184 J exactly

conversions that are not exact &° o :

i



The rule for adding or

C"A

subtracting numbers is trickier | § e o s - ekl
than the rule for multiplying or i L el

dividing... We’ll start with tricky. SEAFEAL ¥ 3

ere’s how: Line up the decimal points EXAMPLE 1 'i i
of the numbers to be added or 8.6 5

subtracted. This involves writing the

DC +94.03
102.68

numbers down all lined up by decimal
point. Then add them up using your

calculator (or your head). Chop off the

answer to match the number that has

See? You can

started with!

easily get more (or
the fewest places past the decimal. Pop)  fewer) significant
figures than you
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Here are some more examples. See how we rounded in

Examples 3 and 4? Also, listen up! Th
your full answer in your calculator unt

tant! Keep

il the very end

is is impor

t

— jus

keep track of how many figures your answer should have.

This preven
keep 9.522 for the next calculat

In Example 2,
n, but remember you ge

in the final answe

ing errors.
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3. Precision, accuracy and significant flgures
R

R e e
TN TN THANDIE 3

xample 2. What is the average mass of the %

penny from the pocket balance measurements'-’1 2017 penny using |

Here we use both rules: We add up
/ the four masses using the adding
rule and then divide by 4 (an exact
number this time) using the
dividing rule.

Triall 2.76 ¢
Trial2 2.74 g
Trial3 2.73 g
Trial4 2.74 g

DIVIDE
BY 4

3
=

(EXA CT)

B P T A B P T A ; Vit W A
“HZT‘\'_. SO it S e by IZX_!.IKN w%ﬁ
&

The massofa

Lo vt

A.IZH_'
r

pocket balance

Triall 2.76¢g
Trial2 2.74g
Trial 3 2.73 g
Trial4 2.74g

Average 2.743 g

Sum_ 10 97g : T 1 B it g 17 Bt 4 et
Info for 4 - = e e L L
significant figure R R e e

calculations L%E mimmmémwwmm 24




. Precision, accuracy and signi

cant rigures.
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Example 3. What is the total
area of these two blocks?

Area

vellow = 244 cm x3.67cm |
= 8.9548 cm? (3 Sf) cf : PIRIHRNE LI R R

Area =1.34cmx4.33 cm

orange

= 5.8022 cm? (3 sf)

Rounding as we go would yield
14.75 cm?. Carrying the extra
numbers yields 14.76 cm? after
rounding the final number —
probably a better answer.
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4. Procedure: What we will do today

Instead of the lab manual
procedure for the density of
pennies, follow the procedure on
the back of the cover sheet and

Now it’s time for you to
do the experiment. The
TAs will help you with the
lab safety part of the
Procedure. You do not
need to write anything in
our lab notebook.

The TAs will also help
you with the next two
parts, Glassware and
Equipment and
practicing taking
measurements.

overviewed on the next four slides.

Do the last part of the
lab manual procedure
on precision &
accuracy if you have
enough time. It will
not be graded.

QO

L/

26



5. Procedure for the density experiment.
(Details given on the back of the cover sheet.)

Your experiment will look like this sequence as it
goes along. Start with five piles of 10 pennies each
and weigh each pile to the nearest 0.01 g. Fill a
graduated cylinder with about 40 mL water. Read
the volume to the nearest 0.1 mL. Add the first pile
of pennies and read the volume again. Record the
mass of pennies just added and the new volume.
Repeat until all five piles have been added.




- 1 B [ C D E
1 § Trial
2 1 10 40.1 440 3.9
3 2 20 40.1 47.7 7.6
30 40.1 51.0 9
5 4 40 40.1 54.9 14.8
6| 5 50 40.1 58.1
7
Learn to write formulas, learn to
5 copy and paste formulas and how to  §
] format your numbers. Help each
= other and ask Dr. Mattson or the TAs
if you have questions.
Info for ' ' ' '

Introduction

umber of Coins Initial Volume Final Volume Volume of Coins Mass of coins added Total mass coins

Follow the instructions on the back
of your cover sheet to create an
Excel spreadsheet with your data.

1 F l

5. Procedure for today (our density experiment)

~

e

)

27.0
27.6

7.0
27.1

“You and your lab partner
can work together on
this, but print a copy for
each of you.

27.02
54.60
81.62
108.74
135.83

- e -
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Next, highlight the data you
want to graph, then...

O

ompare pairs of valges Imn fLoss

| J
Insert Chart

Column Line Pie Bar Area

G2 AR X ) fx| =F2
- Al B [ C [ D

o 1 Trial Number of Coins Initial Volume Final Volume

Switch Plot

= BN 1 10 401 44,0 27.02 iy

54.60
81.62
108.74
135.83
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5. Procedure for today (our density experiment

...this graph!
Density is mass divided by the
volume — the slope of the line!

Density of Unknown Metal y = 7.4362x
R? = 0.99816

8.0 10.0 12.0 14.0 16.0 18.0 20.0

Volume (mL)
vt pdapin phabubs by ,
roce u re :‘:;':'y.:::“\::;fw{‘?» 73 s A phedp £10 SURTENRARS A ER Lt LA SURAPEIS AT AA 1ot FTA TUAPEINRAAITMA 13 ol A TUAESEAAITMA D o2f A SUArERSRASITANA D edf 12A SUAVER MMM R ott T A SURAPEIS AT PRl | s
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6. What your lab report should include.

First, the cover sheet with TA initials.

You now know how to write an Introduction (Slide 5). We
will discuss conclusions and sources of error more in the
pre-lab to Experiment 3.

Next, attach the copy pages from your lab notebook (tri
off rough edges)

Last, the printed Excel x-y scatter graph and datafrom our
density of pennies experiment. Each person needs

graph.

All of the above stapled together.

Turned in lab report (each individual) to correct folder by
start of class tomorrow. Or... turn it in right after lab

today. Late labs may not be graded — see the syllabus

A e s N s S i "w A TG N P D
ctick veople insoired by xked A etam R et s R e S R
Stick people inspired by xkcd e T A T e T e T A e

cartoons by Randall Munroe
(www.xkcd.com) "

Next week:
_ar

Chem Lab with the Stick People and Bird was created and produced by
d Dr. Bruce Mattson, Creighton Chemistry. Enjoy it and share it if you wish.

&
: Woo-hoo!
A . .
We did it!
First lab! £
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ess for a mess.
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