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SECTIUNEA 1

What is a chemical technician?

The chemical technician is a professional in every sense of the ords. He should
look, think, and act as professionals are expected to do. He is entitled to all privileges of a
professional and of the same times is expected to shoulder the responsabilities of a
professional. In fact, the best definition of a technician can be obtained from a analysisof
what thetechnician must know, what special abilities he must possess, and what he must
be able to do.

The chemical technician is a mature individual with seriousness of a purpose and
adequate technical knowledge. He is strongly motivated, possessing the requisite
mechanical aptitude, curiosity, and ability to reason. He should be accurate in his work,
objective in his approach to his work, patient, and persistent. He should have the
physical stamina to stand at worktables for long periods of time to perform manipulation.
He should have good or corrected eyesigth in order to use precision equipment and
have color vision to perform the many color tests which are used to determine chemical
properties and analyze substances. Manipulative skills such as hand-eye cordination and
finger dexterity are extremely importante when using delicate equipment and when
handling dangerous and toxic materials.

A professional technician is, when working, always serious and businesslike in
the laboratory. There is a time to work and a time to play, and the two do not mix when
there is a job to be done. Since he is a professional, his dress should be professional. He
does not engage in horseplay, practical jokes, or frivolity while on the job, always
observing the rules of good laboratory practice and safety. Those rules are
commonsense rules. He is aware of the hazards that are involved in laboratory work, he
recognizes their causes, and he follows directions for standardized laboratory
procedures.
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The professional technician has the important traits of good scientists. He has the
ability to plan and perform precise experiments are neat and accomplish the objectives of
the experiment. This ability can be attained even by those who feel they are clumsy and
not mechanically inclined.

What should a technician know?

A scientist systematically accumulates many facts and organizes his knowiedge
so that he many effectively use it to predict future events. The chemical technician is an
important part of the technical team comprising the scientist, the engineer, and the other
members having expertise in their fields.

The chemical technician must:

1. Define the particular problem and know the goal of what he is doing.

2. Gather facts and verify them for accuracy under controlled condition in order to
determine the relationship between the variables.

3. Classify the accumulated data and observe the relationship that exist between
the data.

4. Formulate hypotheses, or reason why things behave as they do in a particular
system.

5. Confirm his hypotheses by experimentation to formulate theories.
This is the scientific method of scientists who carefully carry out scientific experiments to
collect all the partinent facts, obectively recording data obtained by unbiased observation,
who generalize from those collected facts, and who check generalizations by further
ebservation and experimentation.

1.The chemical techician must use the disciplined and objective scientific method
and inquiry and observations in the application of the basic principles, concepts, and
laws of physics, chemistry, and/or biological science pertinent to the individual field of
technology.
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2. The chemical technician must have competence in mathematics because
matemathics is the tool of scientist. His level of proficiency should cover those areas of
mathematics in which he needs to be knowledgeable.

3. The chemical technician should thoroughly understand, know how to use, and
be capable of using expertlyall the materials, apparatus, processes, procedures,
methods, and techniques commonly performed in the laboratory.

4. The chemical technician should have knowledge of the physical and biological
science in his field and how it relates to the engineering, health, industrial processing. or
research activities that distinguish the technology of his field of specialization.

5.The chemical technician should have the individual judgment, initiative, and
resourcefulness to use the techniques and procedures and to perform the detalied or
technical woek outlined in general procedures and instructions.

6. The chemical technician should have communication skills, including the ability
to record, analyze, interpret, and transmit ideas orally and especially in writing with
complete obiectivity. He should know how to locate and master new information pertinent
to the technology. Technicians should be able to communicate easily with all persons,
regardiess of the technical level involved in their work.

7. The chemical technician should, as a professional, generally understand the
broad aspects of social and economic factors, know the organization of the society in
which he lives and works, and in particular ,, know his employer's organization. He
should be aware of acceptable personal attitudes based on understanding of person-to-
person relationship.

information retrieval

Much of the information a technician needs to complete many
laboratoryprocedures can be found in reference handbooks, encyclopedias, and
manuals in his laboratory or library. Three of the most useful follow:

Dean, " Lange's Handbook of Chemistry”, 11th ed., Mcgraw-Hill Book Company, New
York, 1973. Abbreviated Table of Contents: Life and Fire Hazards, Chemical and
Physical Properties of Elements, Minerals, Inorganic Compounds, QOrganic Compounds,
Industrial Materials, Chemical Analysis, Tables of Specific Properies, Solubilities of
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Gases, Solubility Product, Density, Electrical Properties, Refractivity, Crystallography, X-
ray Tables, Hygrometry, Vapor Pressure, Thermal Properties, Surface Tension,
Viscosity, Chemical Equations, Definition, Laboratory Arts, Conversion Factors.

" Handbook of Chemistry and Phisics”, The Chemical Rubber Co. Abbreviated Table of
Contents:Mathematical tables of every conceivable kind, Elements and Inorganic
Compounds ( Periodic Table, Isotopes, Nomenclature, Gravimetric Factors, Solubility
Constants, X-ray Data). Organic Compounds ( Nomenclature, Physical Constants,
Melting Point, Boiling Point, Miscibility, Amino Acids, Carbohydrates, Waxes, Plastics),
General Chemical (Azeotropes, Thermodynamic Constants, Reagents, Buffers,
Indicators, Flame Tests, Dissociation and lonization Constants, Conductance, Speciﬁc
Heats, Boiling Point and Melting Point Data, Thermometers, Vapore Pressure,, Thermal
Conductivity, Relative Humidity, Dielectric Constants, Permeability, Magnetism, X-ray
Difraction, Refractivity, Optical Rotation), Densities, Surface Tensions, Viscosities,
Conversion Tables, Wire Data, Electrical Data, Earth Composition and Analysis,
Molecular and Crystal Data. Abbreviations.

"Merck Index", Merck & Company, an encyclopedia of chemicals and drugs. Abbreviated
Table of Contents: Nomenclature, Isotopes, Measurements, Densities, Conversion
Tables, Solutions, Buffers, Mathematical Tables, Acids, Medical Isotopes, Monograph of
chemicals and drugs, alphabetically arranged, identifying the compound, afternative
names, method of preparation, literature references, chemical and physical constants,
medical data concerming use, potency, toxicity, medical use if any, incompatibilities,
reactivities, solubilities, salts and derivatives, and other relevant data.

other common reference books that contain data on chemicals and their specific
constants are:

" Chemical Engineering Catalog", Reinhold Publishing Corporation

¢ “The Condensed Chemical Dictionary”, Reinhold Publishing Corporation.

e "Chemical Buyers Guide", OPD, Schnell Publishing Co.

«» Chemical Abstracts, American Chemical Society.

« Beilstein, Berichte von Deutsche Chemische Geselischaft.

« Furman, "Standard Method of Analysis”, D. Van Nostrand Company, Inc.

« Grant, "Hanckh's Chemical Dictionary", 4th ed. McGraw-Hill Book Company, New
York, 1969.
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LABORATORY USTENSILS

The accomplishment of the laboratory workings in good condition is possible only
after a throughgoing study of the theoretical problems treated on the course or indicated
in each work paper.

For carring out the laboratory workings are necessary besides a series of substances,
different kinds of laboratory ustensils, the ustensils are made of resistant materials both
chemical agent action and to temperature variations.

The most used materials for laboratory vessels and aparatures is glass. The glass had
some advantages over other materials: it allowesthe visual observation of the reaction
and it is resistant to the most usual reagents.Due to the demand of chemical stability

both the acids and bases, different kind of glasses of diferent compozitions depending
on each utility are manufactured.

The glass is obtained : silica, borax, alumina,calin, feldspar, sodiumcarbonate,
litiumcarbonate, kalium carbonate, sodium sulphate dalomite, magnesite,zinc oxide, etc;
all this substances are molten at high temperature together with other auxiliary
substances, and then, ater the solidification yields complex mixture of silicates. The
quality of the glass show large varition with compositin.

Table 1 contains the compositions for some weilknown laboratory glasses.

We can notice that the glass composition inciude considerable quantities of aluminium
oxide which have stabilisation role.

The most resistant from the chemical point of view (especially to acids) , and also
resistant to termic variations are borosilicate glasses ( Pyrom, Turdaterm, Jena, Pyrex,
Duran ). Extremely resistant to acids and to termic shocks is the quartz glass.
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Composition:

in per Pyrom Turdaterm Medias Jena Pyre  Turingia Duran ***
cents

Si02 80 75.5 68 76 81 66 80 675
B203 129 7.5 @ 16 12 - 12 2
A2O3 2 5 5 17 2 75 237725
CaO - 1.5 49 02 05 8 03 ¢
MgO - - 3.1 - - 45 - -
ZnO - - - - - - - 771
Na20 4 6.5 17 54 45 144 14

K20 14 - - 06 - 3 - -
Fe203 0.05 0.05 0.05 - - - - -
BaO - 42 - - - - - -

where ** means " for thermometers" .

The apparatures use in laboratory are made of different kinds of glasses , depending on

uses. The simplest and more used are:

1. Balance
(&) Ainworth, accurate single-pan
balance, digital in line readout,
substitution metod of weighing,

accuracy 0.0001 gram.
(b) Sartorious, accurate single-pan
balance, digital in line readout,
subsfitution metod of weighing,

accuracy to 0.0001 gram.
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(c)

Double-pan,

analytical

manual weight and rider adjustment,

readout to 0,0001 gram.

{(a) Analytical

2. Balance weights

balance weights with

forceps from 1mg to 100 grams. Handle

weights only with forceps.

balance



(0) (h)
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(a)

Handle with care, because they are
precision wights.

3. Beaker

(a-c) Beakers available in sizes from 1 to
4000 cm3 in a variety of shapes, rims,
lips, and designes graduated and plane.
Used to heat liquids,solids,solutions and
for general laboratory use as a versatile
container.

4 Bottles

(a,b) Liquid and solid storage for bottles
for chemicals and samples; varied
design,opening and closures.

(c.e) Dropping bottle to dispense small
volumes of liquids.

(H Chemical-liquid storage bottles
available for general laboratory acids,
bases and regents.

5. Brushes
Brushes for cleaning laborator

equipment in a varied selection of sizes
and designes.

6. Burettes
(a) Atomatic-filling burette. Pumping the

rubber bulb fills it to a precise 0,0-cm3
graduation.
Overfi lautomaticaly returns tostorage.

Used where many titrations with the
same solution are to be made.

(b) Single-dispensing burette with
graduated etched scale, standard haper,

(€) (d)
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i 9 Clamps

(a) Baker clamps.chain adjutabile size:

(b) screw-type clamps with adjustable
tension.

R - : - ﬁ spring tension.
=

10 Clamps
(c) Utility clamp with long handie.
(d)  Trigrip,double jaw,vinyl-cavered
clamps with long handile to hold
equipment .

(e) Double-jaw clamp with three
adjustable vinyl-covered prongs.

() Double-jaw,three prong,asbestos-
covered clamps.

(g) Double-jaw, three-prong vinyl-
covered clamps.

(h) Fixed-position clamps with vinyk-
covered jaws.

and stopcock. Availables models with
'volumes from 50 to 500cm3 .
(c) Titrating assembly and atand with

white base for easy color-change

(CpYCin oo o) 1

observations.

7 Burners
(a) Bunsen burner,artificial gas, sleeve

air-inelt regulator.

8. Capillary Tubes

Capillary tubes with scaled end
for melting point determination.
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(i) Fixed-position utiity clamp with
asbestos-covered jaws.

(i) Burette clamp, double with screw to
anchor to support rod.

(k) Clamp holder. Anchors securely
rods t rodssupport assembilies,and
clamps to support assembilies,available
in parallel (k), or right-angle direction.
(m,n) Screw-pinch clamps  with
adjustable closure for fiexible tubing.
(o,p) Spring-type clamps with positive
closure.

(q) Clamps for holding spherical-ground
standard-taper glass apparatus together.
(r) Stopcock clamp prevents loss of plug
due to pressure or vibration;fixes plug
firmly into desired position.

(s,t) Stopcock-removing clamp for
frozen stopcocks and stopers.

(u) Test-tube holder clamps, opruig-
activated.

(v) Tulnig-clamp, for positive attachment
of pressure or vacuum tubing.

11.Crucible
(a) porcelain crucibles,used for ignition
of samplees in analysis.
(b) Gooch crucible with perforates
bottom.Filter bed usualy formed by
fitering asbestos fiber and water slurry.
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12. Cylinders

Graduated cylinders  of
sizes,shapes,opennigs, adn closures to
meet special needs,capacities from 5 to
4000cm3.

various

13 .Desiccators
Desiccator with ground-glass top to
provide positive seal with bottom,for
drying and storing samples for analysis.

10

14. Dishes
(a) Evaporating porcelain dishes,with
heavy rim and ponring spont.
Used to evaporate liquids.
(b) Nickel evaporating dishes.
(c) Crystalizing dishes to hosd and
contain liquids wich are expected to
crystallize.
(d) Culture dishes for bacteriological
work.

15. Filter parers

(a) Filter paper in assorted sizes and
porasities.

(b) Fluted fiter-paper in asorted sizes
and porosities.

16. Fiffer pump and
accesoriers.

i
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A water pump for suction filtrations,
general vacuum manipulations, and
pipette cleacleaning. Accessories are
used to couple to water lines and

prevent splashing to existing water.

17. Flasks

(a) One-neck disilling flask.
(b) Flat-bottom flask.

11

(c-e) Erlenmeyer flask in various sizes,
10 to 6000 mi plain or graduated open
or fitted with ground-glass stopper.

() Heavy-wall suction flask used for
vacuum fittrtion.

(g) Claisen distilling flask with side neck.
(h) Round-bottom flask with short or
long neck for general reactions.

(i) Multineck flasks with one,two,three,or
four necks,sizes from 500 to 12000
cm3.

(i) Volumetric, standardized to contain
stated volumes of liquid,available in
various designs, capacities from 1 to
2000cm3;also made of actinic glass to
prevent light decomposition of unstable
solutions.

(k). Kyieldahl
procedures.

flask for analyﬁc;al
Available in diferent capacities.

() Florence flask with cork-insulated
neck for positive hold.Used to make
wash bottles.

(nh

(a)

o
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19. Funnels

(a,b) Buchner suction funnel.
(c) Buchnerjackesed funnel for cooling
or heating varied sizes.

(e e () td)

(d) Bucher plain funnel, available in sizes
14.5 to 308mm (removable plate).

(e) Buchner table-top model funnel for
large volumes,from 50 to 308mm
diameter.

(f),g Glass funnel varied size and stem
length.Use for general filtration.

(h) Glass funnel with heavy ribbed
construction; raised riles on inner
surface facilitate filtrrion.

(i) Fritted disk glass funel used in
vacuum filtration ewith suction flask in
operations where for fiter paper of a
Buchner funnel would be atacked; with

stands temperatures to 5000, availabie
in four prorsities.

(i.k) Separatory funnel graduated with
ground-glass stopper.Available in
different sizes, capacities from 30 to
6000cm3.

(m) Florence-type wash bottle, hand-

squeeze, pressure-bulb-operated.

18. Forceps \

Flexible forceps, stainless-steel or - ‘

e

chrome-plated-steels.Use to pic up small C G ——

—

objects and handle small serews and

pins for laboratory equipment.

12
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20. Furnances

(a) Muffle fumance, temperature-
indicating dial, adjustable rheostat heat
control, automatic door closing.

(b) Muffle
indicating dial, adjustable temperature,

furnace, temperature

automatic door closing.

21. GIgss Rods.

Pyrex or soft gloss rod. Varied diameters
available from 2 to 38 mm diameter.

22. Glgss Tubing
(a) Capillary wall thickness and diameter
of hole varies. Bore from 1/4 to 3 mm
diameter.

23. Gloves

Rubber gloves to protect hands against
corrosive chemicals.

24. Goggles
Safety goggles, gloss or plastic, for
protection against flying aojects and
corrosive fumes and liquids, dependent
upon construction. Select the protective
goggle according to hazard potentially
possible.

(h)
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25. Graduates
Gloss graduates, pharmaceutical,
graduated.

26. Heating mantles

14

Heating mantles provide safe, intimate
heart transfer, to heat most containers
and are available in a variety of shapes
and sizes. Heat is adjustable with
variable transformer.

(a) Bottom, varied sizes and designs.
Transformer varies voltage and
temperature.

(b) Funnei - type heating mantie.

(c-f) Asbestos heating mantles with
leads for
temperature indicating. Usually safe for

heating flammable liquids.

supports; thermocuple

27. Hydrogen - ion test
paper

28. Hydrometers
Gloss hydrometers for specific - gravity
determinations, weighted - bottom
graduated direct - reading tube.

29. Mortar and Pestle

Porcelain or agote mortar and
pestie used to grind solids to fine
powdres, available in sizes from very
small to extremly large.
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(h)

(a)

30. Oven

(a) Electrically heated oven for drying
samples, baking, sterilizing. Automatic

15

temperature controlled to maintaim
about a 20C range.
(b) Constant -

temperature oven,
mechanical heat flow by fon, maintains
temperature

+0,10C with temperature regulator.

31. pH - Test Paper

Immersion of strip of test paper yields
color change in paper. Comparision with
standard color chart gives the pH.

32. Pipetts
(a-d) Measuring pipetts, available from
0,2 to 50 ml permit to tramsfer of a
measured amount of liquid. The devision
on the scale vary with the capacity of the
pipette.

33. Pipette accesories
(a) Porcelain pipette rest, to rest pipettes
upon securely, to prevent contamination,
rolling, and breaking.
(b) Cylindrical cans color - coted top and
battom for storage of pipettes after
cleaning and use.
(c) Pipette filler, used to transfer sterile,
corrosive, and toxic liquids
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safely. Easily controlled by squeezing.

Delivers quickly, precisely, and safely.

(d) Pipette filler fits over end of pipette to
permit safe and easy filing of pipette
contaning toxic or corrosive liquids.
Squeeze first, then immerse in liquid.
Release pressure gradually as needed.

34. Plate, Hot

(a) An adjustable - temperature heavy -
duty hot plate heating nonflamable
materials.

{b) Hot plate with magnetic mixer,
adjustable heat and of mixing. Multiple
hot plate, magnetic mixer.

35. Plate, Porous
Wet samples can be partially dried by
wosking the sample on the porous plate
with a spatula. The plate absorbs the
excess water.

36. Rubber Stoppers
Various sizes, one, or two - hole.

37. Seals

(a) Glass seal, close fitting shoft
to housing, lubricated with glycerin or
siicone, provides isolation of system
from atmosphere and contains very
and vaccum
conditions, while rotatting.

moderate  pressure
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(b} Mercury - type seal provides a seal
between the fixed standard - taper glass
joint and the rotating shaft. The rotating
tube is affixed to the shaft with flexible
tubing and the mercury fills the well to
isolate the system from the atmosphere

and prevent the loss of volatiles.

38. Spatulas
(a) Scoop - type spatulas used to

transfer larger quantities of solides,
especially from narrow - neck bottles or

containers.
.(b-d) Spatulas available in a variety of
shapes, sizes, and designs to bi used for

special manipulations from micro size to

very large for production poles.

39. Stirrer
(a) Air available - speed stirrer deriven by
compressed air. Sofe for explosive

» atmospheres.

(@ ®) (b) Light - duty electric stirrer with fixed
speed, shaft height adjustable through
chuck.

40. Stirrer Accessories

: (a) Glass Stirrers in a variety of designs

to mix thin to viscous solutions, to fit into

A .
EEP BE) c—:m—*@ % E@E narrow openings of containers.
(

(b) Propeller shaft stainless steel or
neonel, available in diffrent shaft

https://biblioteca-digitala.ro / https://unibuc.ro



{a)

(&)

diameters and propller designs, from
two-, three-, and four - blade or turbine
type. Choose the type best suited for the
procedure.

41. Stopcock
(a) three - way stopcock allows fluids to
be channeled as desired in procedures
or to cut off flow completely.

(b) Four - way obleque - bose
stopcock with vent to the bottom of the
plug.

(c) Four - way V - bore stopcock.

42. Supports

(a) Round, wosking - area - surface rest
support base to support round bottom
containers, available in a range of size.
(b) Right - angle rod clamps.

(c) Rectangular single - rod support
base.

Fairly sturdy on level areas.

(d,e) Tripods offer sturdy support for
apparatus,may have two vertical rod.

() Support plate clamped to support
based or support frame with suitable
clamp holder in used to hold flat -
bottom containers.

(g) Woadem adjustable - height support
for funnels with deliver into separatary
funnels in extraction procedures.
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(h) Woadem - adjustable - height funnel
support in sizes and capacities for
laboratory manipulations.

(i) Test - tube holder, with drying pins to
allow washed test tube to drain and dry.

43. Test tubes

Test tubes are available in soft , Pyrex,
Vycor and actinic gloss with or without
rims or covers in a variety of sizes and
capacities.

44. Scrissors to cut
paper, asbestons, rubber, or
any easily cut materials as
needed. |

45. Tongs
(a) Crucible tongs with flexible
longlenght.
Use to insert or remove hot crucibles
from a muffie furance and to avoid
contact with crucibles in analytical
procedures.
(b) Utility tongs to handle hot small
apparatus and crucible.
(c) Braker - tongs to hold and carry
smaller beakers in the laboratory.
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46. Triangles

) - thH

20

Triangles with or without procelain cover
support cruciables when heated over
gaz - burner flome. They normaly rest
upon a tripod or a support ring clamped
to a support frame.

47. Tnipods

Cast - iron tripods in various sizes and
heights with concentric rings fo
reducesize of opening. Use to support
containers being heated with gas - flame
burner.

48. Tubes
Connecting tubes with serrations or
constrictions to hold rubber or plastic
tubing securely.

(a) Plastic "Y"

(b) Gloss "Y"

(c) Gloss "T"

(d) Gloss "U"

(e) Brass "T"

(f) Brass " Y"

49. Water Bath
Steam - heated or electrically heated
water buth used to heat solutions
requiring temperatures not exceeding
1000C.
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50. Wire Gauzes _—

YT AIR PRI SR IIIPT RIS

Plain or asbestous centered wire gauzes
used to protect gloss - ware

while being heated with gas - burner
flame.
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What does technician do ?

Basically, a chemical tecnician applies the principles of science and mathematics,
in which he possesses a certain degree of proficiency, learned in either high school,
tehnical school, trade school, junior college, or an on-the-job training program. He
utiizes what he knows to operate specilized equipment and testing devices and to
conduct experiments and analyses. He collects data and information under the direction
of scientists to assist them in accomplishing their objectives.

Every technician must be prepared to perform some combination of the following
activities:

1. Apply knowledge of science of mathematics extensively in rendering direct
technical assistance to physical and/or biological scientists, engineers, or medical
personnel engaged in scientific research and experimentation.

2. Design, develop or plan modification of new products, procedures,
techniques, services, processes, or applications under the supervision of professional
scientific, engineering, or medical personnel in applied research, design, and
development.

3. Plan, supervise, or assist in installation, and inspect complex scientific
apparatus, equipment, and control systems.

4. Advise regarding the operation, maintenance, and repair of complex apparatus
and equipment with extensive control systems. |

5. Plan production, operations, or services as a member of the management unit
responsible for efficient use of manpower, materials, money, and equipment or
apparatus in mass - production or routine technical or specialized personal service.

6. Advise, plan, and estimate costs as a field representative of a manufacturer or
distributor of technical apparatus, equipment, services, and/or products.

7. Be responsible for the performance of test of mechanical, hydraulic,
pneumatic, electrical, or electronic components or systems in the physical sciences;
and/or determine, measure, and make specialized preparations. tests, or analyses of
substances in the physical, agricultural, biological, medical, or health - related sciences;
and prepare appropriate reports convering such tests.

8. Prepare or interpret engineering drawings and sketches, or write detailed
scientific specifications or procedures for work related to physical and/or biological
sciences.
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9. Select, compile, and use technical information obtained from such references
as engineering standards; handbooks; biological, agricultural, or medical and health -
related procedural outlines; and technical digestsor research findings.

10. Analyze and interpret information obtained from precision measuring and
recording instruments and/or special procedure, determinations, and techniques, and
make evaluations upon which technical decision can be based.

11. Analyze and diagnose technical problems that involve independent decisions.
Judgment requires substantive experience in the occupational field in addition to
knowledge of scientific principles and technical know-how.

12. Deal wirh a variety of technical problems involving many factors and variables
which require an understanding of several technical fields. This versatiity is a
characteristic that relates to breadth of applied scientific and technical understanding, the
antithesis of narrow specialization.

Some of the foregoing activities are broadly inclusive, whhile others describe
specific function. They neither exclude nor include functions or activities that might be
considered the special prerogatives of recognized professional or skilled worker groups.

The technician must comprehend the work of the professional scientists or
engineers and the skilled workers in his technical field, since he usually works with either

or both in performing his duties. Naturally, few, if any, technicians perform all 12 activities
listed.

The chemical technician as a communicator

A most important requisite of a chemical technician is that be must be a
competent communicator in all areas of communication. He must obtain information from
a variely of sources. He must communicate with his coworkers and supervisors, make
oral reports, prepare formal written reports, and keep accurate records of the results of
his work, recording test data and services. As work on projects progresses, he must
prepare and write reports for scientists who are supervising him or submit information
complied from the data he has acquired. He must learn to listen ant speak and must

have the competence to express himself in narrative or persuasive presentations. He
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should possess the capability of representing ideas, concepts, and data graphically
through drawings, diagraming, and sketching.

The ability or inability of a technician to communicate is immediately evident
because everyone expects him to be able to communicate as an educated professionai.

The recording of data

The competent technician does not see; he observes. He does not hear;, he
listens. This means that he does not take things for granted; he questions, checks, and
verifies what he has experienced through his senses. The mere fact that an instrument
gauge reads a certain value does not mean that the competent technician must accept it.
He checks to see if the instrument is calibrated properly and if the readicgs indicated on
the instrument are the identical readings that would be read on another similar gauge
that has been calibrated or standardized. No technician should take if for granted that an
instrument is correct.

Similarly, a competent technician does not merely take a reading, record it, and
forget it. He takes several readings independently of each separately and objectively,
attempting to determine the most accurate reading each time.

The laboratory notebook

The laboratory notebook is the one place where the information the technician
acquires is recorded. That means that all data are recorded directly into the note book as
they are obtained, not tacken down on stray sheets of paper.

The notebook is the diary and record of the technician. Because lawsuits may
occur in which the notebook may play a key role in the decision of the court, it is
imperative that the notebook record be above question. Many cases have been won or
lost because of the credibility of the data contained in the notebook. Therefore it is of
paramount importance that the following rules be observed ( Of course, they are
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provided solely as guidelines. Each company uses its on procedure and sets forth its on
format. Iif no formal procedure exists, however, these roles sould be used.)

1. The laboratory notebook should be a numbered, bound book, preferably with
automatic carbbn or other duplication method. The pages should be consecutlivly
numberd, and no original pages should ever be ripped out. The data should be recorded
in ink, in detail, and all observation and ideas should be included. By utilizing a duplicate -
copy notebook, the technician may keep at his disposal for ready reference a copy of
what he has recorded, while the original bound bock can be placed in the proper place
for security and ready referince by all other members of the staff. The cover of the record
book should indicated the dates of the first and last entries made in that book.

2. All the information that is acquired should be entered, regardiess of how trivial it
may appear at the time.

3. Each page shouid be dated and signed by the technicién accompanied by the
signature of his supervisor.

4. The objective of the procedure shouid be stated on the top of the first page of
the sequence of pages used.

5. The diagram of the apparatus or equipment to be used should be sketched,
followed by a short summation of the procedure to be followed.

6. All raw data should be recorded neatly and directly in the notebook. Mistakes
may be crossed out but never eraset. All data should be entered in the notebook
immediately. Delay leads to forgotten entries. All data regarding the starting materials
should be recorded with out delay and all changes in any data obtained from the
samples should be entered.

7. Entries should always be specific. The technician should never generalize, so
that no question can arise in the future. One of the objective of record book is to be able
to duplicate what has been done, and the omission of relevant data can cause needless
delays and costly repetitive work.

8. Information obtained from automatic recording devices, such as charge, can
be filed in an appropriate secure location, but all pertinent information shouid be noted
from the charts and recorded in the notebook, and the appropriate reference should be
indexed on the charts or recording paper so that the information can be retrived easily
when it is needed.
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9. Calculation of the raw data may be carried out on other paper or on the
calculator, and the results recorded. All calculation should be checked by either the
person who performs the work or a competent cowoker.

Planning an procedure

Planning

Each assignment requires some preparation. Theis is usually referred to as a plan
or design. The plan may be either mental or physical, or mental and physical. Segments
of a plan might prearranged for us, e.g., American Society for Testing and Materials
(ASTN) or other standard laboratory procedures. During the course of our carrer, how
ever, it is inevitable that we will be required to plan our own assigments. If we accept the
postulate " everything done requires a plan or design ", let us explore what application it
might have in planning an assignment . Question the assignment:

- Where is it done?

- When is it to be done?

- Why is it being done?

- Has it been done before?

- Howis it done ?

- How precise must the data be?

Answers to some of these questions are self - evidene when we are familiar with our
general assignments. The answers, of course, are the nucleus of a plan.

We have progressed with our plan and must now determine:

- Is it best to arrange our sequences chronologically or in some other logical fashion?

- Do we provide accessoriy equipment before we need it, or is it equally effective to stock
as we proceed?

- Is a progress report necessary during the course of the assignement?

- At the conclusion of the project, how shall will report or record our data?
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These are some of the mental processes required for planning our day -to-day
assignments.
From these processes we conclude that planning is essential for any assignment. It is the
foundation for providing a quality product of usable quantity. For example, planning to
have all necessary equipment available at a test site when it is needed rather than
making several additional trips to a stock room might reduce personal fatigue will

increase our alertness to quality.

Analytical data: Quantity and quality

The quality of analytical data should be considered as the basic definition of
quality rather then quality control. Quality control is an industrial arrangement completly
independent of industrial quality. For exemple, if we use improperly zeroed balances
when weighing, statistically we might produce an acceptable result. However, the general
quality of our technique certainly is unacceptable. Much of quality might therefore be
considered as the proper use of laboratory equipment and techniques. On the other
hand quality control is used to permit a tendency or characteristics to present excel
instable form. Therefore, the quality of technique should and must be constant, while
statistics of quality control are inherently variable.

Mistakes vs. errors

Mistakes can be consider as mistabulatoins or miscalculation of figures. The
guarante against mistake is to check each item and computation. Time spent inchecking
is time well spent because it ensures accuracy, making unnecessary to redo a problem
for sample. On the other hand, errors are usually random an can be determined or
indetermined. It is therefore easier to eliminate mistakes then to detect and minimize
random efror .

https://biblioteca-digitala.ro / https://unibuc.ro



We should assume that everthing done in the analytical laboratories is importante
to the research effort. A paradox which some times evolves is to be given a sample with
the comment " this very importante " instead of " these samples data ar relatively
unimportant ". This type of approach leads as to believe that the importance of a project
or a sample should be considered only when specifically stated. The reverse is actually
the truth. That is, we assume everything to be important unless other wise stated. When
technics of the highest quality are realised, the precision of our data is certain to be of the
highest order. We therefore strive for greater uniformity of product thrugh greater
consciousness in the proper handling of equipment and proper techniques in the
laboratory.

How does quality affect quantity?

As stated above, time used to check data is time well spent. it eliminates the need
for redoing a sample or project, and quantity of data therefore follows logically. For, in
fact, our goals are effective quantity rather than total volume. Quality is always more
important and therefore is the barometer of effective quantity.

Planning: quantity, quality and efficiency.

The term production does imply quantity. However, production is not
synonymous with effective quantity. Aproduct is a salable commodity only when itis in its
finished or usable form. Should a product need adjustments or alternations before it is
marketed, the altered product rather than the raw product is the usable commodity. Such
is a case with analytical data. The goal of our day-to-day operations is to provide finished
or usable analytical data . Should adjustments or alterations of data be necessary, just as
in the case of the adjusted salable product, the data in their altered form are in fact our
product. The sum of usable products or data is the only measure of effective quantity.

Large quantities of low-quality data are valueless to the research effort. We must
find the peak or optimum point of quantity vs. quality. This peak point is referred to as
efficiency. Efficiency ai attained when each of three concepts are usable quantity and
high quality. The third factor we must consider is service. Service, by definition, is any
results of useful labor which does not produce a tangible commodity. In the true sense of
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analytical data, however, the definition of service might be applied to quantity and quality.
For exemple, from the definition of service, the words " useful labor " imply quality. Also
from definition, the words " produce a tangible commodity " imply quantity. Therefore,
efficiency might be synonymous with service; when efficiency is guaranteed, good
service is a natural occurrence.

Procedure { See fig. A-2)

The chemical technician knows the equipment and materials with which he
works. He never treats them with contempt, even though he may be very familiar with
them and have handled them many times. He treats them with the respect they deserve
because he is aware of the hazards of laboratory work .

He minimize accidents by recognizing their causes and because he is alert at all
times, following the rules for good laboratory practice. Accidents are usually the fault of
the victim or his associates. Basically there are three sources of accidents: fire, cuts from
broken glass equipment, and contact with corrosive chemicals on clothing or person.

Evey technician should know basic first - aid emergency equipment for monor
injuries, and also the location of and how to handle emergency equipment such as
safety showers and fire extinguishers. Common sense is the best insurance against
injury. o b? 0y =

2 ‘ .\\ ::.\-’ﬂ‘? ‘—\" ,r'f"'-::\
A = | ES

S e

\ ’/@/ | :-(:_‘;

()

- J. 0

FiguraA -2
o 1‘\(‘ - A\
S AT
//);'?}ﬁé\ N ——‘i’;-;\?\
I \ IR t«* o
LAY~ dE O
: \/ — S

Self - protection - caution
The first rule of self - protection is to be alert at all times.

Protect for your eyes
Safety glasses should be worn at all times in the chemical laboratory. You have only one
pair of eyes; protect them.
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Protect your body

Wear laboratory coats or aprons and safety shoes. Keep ties or scarves secured with
fasteners. Do not wear medallions or hanging objects. Tie long hair up out of the way.
Avoid flammabile clothing.

Fire

Handle fire with care. All burners should be placed safely away from all flammable
materials, and the technician shoul not expose his hair, clothing, or flammable objects to

them.
Corrosive liquids

Handle chemicals carefully so that none comes in contact with the skin. When pouring
corrosive liquids, avoid spillage and avoid contact with the liquid that runs down the neck
of the bottle.

Volatile liquids and gases
Never inhale volatile liquids and gases. When odors are to be observed, sniff a small

portion by holding the container away from your nose and fanning a small amount
toward you with your hand.

Chemicals
Always recheck the label of the chemical you are using. Use of the wrong chemical can

cause an explosion or a ruined determination.

Disposal of wastes

When you have completed procedures and reactions, you will have residues,
slurries ( watery mixtures of insoluble matter, precipitates, pigments, etc.), and waste
solutions which must be disposed of.
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Caution;

Do not pour concentrated acids, bases or slurries into your sink without considering what
you are doing. Think first !

Acid or basic solution wastes: Pour into your waste - disposal snik while running water
continuously from thr faucet to dilute the acid or base. When you have finished pouring
the waste into the think, flush with large volumes of water to dilute any corrosive effect.
Organic wastes, residues. These are insoluble in water. Discard the bulk of the residues
in a waste - disposal safety container. Discard all volatile solvents into a waste-solvent
receptacle which will contain the vapors and will not constitute a fire hazard. Volatile
solvents are those solvents which vaporize which result can be toxic, nauseating,
imitating, or flammabile, or can have unpleasant side effects.

Caution:

Avoid indiscriminate disposal of wastes. Always consider the possibility of spontaneous
reactions, explosions, and fire. Waste receptacles are usually designated as to what
should be put into them.
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SECTION II

Laboratory techniques and procedures

1. Open the gas cock on the gas inlet pipe wide.

2. Open the thumbscrew gas ajustment on the burner wide.

3. Close the air holes with a movable sleeve.

4. Light the burner with the match or striker .

5. Regulate the thumbscrew and the movable sleev to produce nonluminous
flame having a sharp-pointed inner blue cone.

FIGURE B-1
Gas burners.

Violet -
- This gets
Pale blue very hot
Air adjustment
tube Movable
sleeve
—Air inlet
Noisy
Gas adjustment () F:?;‘; ¥ flame
needle valve 0”/" inside
(a) burner
If flame is like ) - )
this, turn If it burns like this,
down qas turn the gas off a
el moment and light again
Oxidizing flome Bright
Highest temperature 1560°C yellow
tip

Cool region inside cone

Reducing flame 320°C Blue

absent If flome is like

this, open air
regulator

(@) Tirrill. (b) Bunsen.
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Laboratory glass equipment

Most laboratory equipment is made of glass. The two types commonly found are
either soft glass or Pyrex.
Soft glass : melting point 600 to 8000C; used in dropers glass rods , tubing for wash
bottles , bottles; workable with a bunsen or tirrill burner; subject to attack by alkaly does
not withstand termal shocks.
Pyrex glass: melting point 750 to 11000C; used for beakers , flasks common glass
equipment; requires on oxygen torch to be worked; withstands alkaly ; rezists temai
socks.

Cutting glass tubing (figs. B-2 and B-3)

1. Scratch the tube or rode at the desired ponit with the three cornered file . Use
only one or two strokes.

2. Raw the tubing in a protective cloth to avoid cutting your hands. Place thumbs
togerher opposite scratch.

3. Using little force , pull back on the tube and push thumbs outward quickly to

break the glass.
<P %
<Ll
8.2 B-3 Proper method of
holding glass tubing.
(figs. B-2 and B-3)
: 1 P
! N 4
lh\_.r’} @ / / / /
i N /’/ /, /
/ )
H s S/ &/ (/
I (ol (8 (o)
. B4 Fire polishing (note rotation of B-5 (a) After cut. (b) After fi lishing. (c) T}
Fire polishing (Figs B-4 and B-5) tework. o end has been hested too tong, T

1. Round the sharp edges to prevent cut.

2. Insert the end into the hot noneluminous portion of burner flame and rotate
smoothly and evenly.

aution
Wear gloves or keep hands well back from the end being heated . It gets hot!
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Fig B-4 B-5

Dulling sharp glass edges (Fig B-6)

1. Hold the glass article in the left hand and clean , new wire gauze in the right
hand (nonasbestos).

2. Stroke the broken and with wire gauze softly while rotating the broken glass
object.

B-7 Rotation of the work.

Glass bending (Figs B-7 and B-8)

1. Use a flame spreader on the burner adjusted to give a nonluminous flame and
well defined blue cone

2. Hold the tube lengthwise in the flame and rotate with the back enforce motion
enenly uniilthe glass becomes soft .

3. After the glass is soft (it bends under its own weight), remove it from the flame.
4. Band the glass to the desired shape , holding to position until it hardens.

Caution
Wear gloves or keep hands well back from the end of tube being heated. It gets hot!
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B-8 Effects of flame adjustment on B-9 Flaring a tube end.

bends.

Annealing glass

1. Reduce internal termal stresses by heating the worked glass in a smoky flame
of the burner.
2. Permit the glass to cool slowty.

Flaring ends of glass tubing (Fig B-9)

1. Insert the end of the tubing n the hot flame and rotate smoothly .
2. when the glass has softened , remove it from the flame.

3. Insert the heated end of a file in the tube at an inclined angle.

4. Rotate the tube against the file and to get the disired flare.

Shaping glass rodes and tubes (Fig. B-10)

1. Heat the rod briefly in a nonluminous hot burner flame until it has softened.

2. Remove from the flame.

3. Heat a clean piece of metal.

4. Press the hot and of the glass perpendiculary against the hot metal.

5. To make a paddie and , press the heated rod between to heated clean pieces
of metal

——— )~—3tep No 5

. : FIGURE B-10  Step No & — (==
F lg B'10 . Shaping glass rods. N

——

-
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size.

Making capilary tubes

1. Use the burner without the wing tip.

2. Heat the tubing or rod as under Glass Banding .

3. When the glass softens , remove it from the fame. Allow to cool slightly.

4. Pull the ends apart while rotating the cooling glass to get the desired capillary

5. Scratch with file then break.

Fig 11 -12

,Cut here
/
Va
2

Copitiery

B-11 Constructing the tip of a dropping plpette B-12 Filling the ampul
(making caplliary tubes). with a pipette.

Sealing ampuls (Fig B-12 and B-13)

PRINCIPLE
Many organic compounds are decomposed on contact with air or moisture. They

most be sealed against air to prevent decomposition.

MATERIALS
Ampuls , filling pipette , gas burner.

PROCEDURE
1. Fill the ampul or sealable glass bottle with a pipette (Fig B12, previous page),

or with a funnel. (Do not fill more then two thirds full).
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2. Gently insert the tip of the ampul into a bunsen burner to costrict the opening.

3. Heat the tip of a piece of glass rode to redness , and then tough it fo the
constricted tip of the ampul , which is soft from the burner.

4. Remove the joined glass glass from the flame ,allow to cool , and pull apart to

get the final seal.

Caution

Practice with an empty ampul until you perfect your technique (refer to the
discution of capilary tubes under Glass Blowing).
important variables are the temperature of the molten tip of the ampul and the glass rod ,
and the time the heated joined - glass items are allowed to cool before they are pulled
apart.

FIGURE B-13 Pull out soft gloss
w:in piece of scrop glass

FIGURE B-14

Constrict opening in flame

/7

B-13 Sealing an ampul with a torch. B-14 Rubber stoppers. (a)
Correct size. (b) Too small.

—

Finol seol

INA i

(o) (5

Boring holes in cork and rubber sotppers (Figs B-14 and B-15)

1. Select a rubber or cork stopper of the corect size. (Fig B-14 above)

2. Select a borer siezed slightly smaller then the hole to be bored.

3. Sharpen the borer with a sharpener, and wet borrer with glycerin.

4. Hold the borrer in the right hand and the stopper in the left hand supported by
a cloth pad for palm protection.

5. Begin boring at the narrow end. Twist the borrer and apply pressures.

6. Check the alignment after each twist.

7. Remove the borre when halfway through the stopper.Push out any piug in the
borrer.
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8. Begin boring the stopper from the other end; Check alignement.
9. Coplete the boring oprations.
10. Insert the glass tubing properly.

Figure B-15

Inserting glass tubing in stoppers

1. Fire - polish the ends of the tubing.

2. Wet the tubing and stopper hole with water or glycerol.

3. Wrap hands in a towel for protection.

4. Grasp the tube near the point insertion.

5. Rotate the tube back and forth while gently pushing it into stopper.
6. Never attemp to push tubing through the stopper.

Lubricote with
4 woter

8-17 Improper way to insert .

B-16 Proper way to insert glass tubing ina
glass tubing In a stopper.

stopper.

Removing glass tubing from stopper
1. Lubricate the tubing which is to be pulled through the stopper with water or

glycerol.
2. Wrap the tubing with a towel.

3. Pull the tubing from the stopper with a gentle twisting motion.
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4. If the tubing is stuck to the stopper, gently insert the end of the file between the
tubing and the stopper and gently rotate, while lubricating with glycerin.

5. If procedure 4 fails, gently work the smallest - sized cork borer possible, which
fits over the tubing, through the stopper.

Constructing a wash bottle
(Fig. B-18)

The wash botlle can be constructed as in fig. b 18. Dimensions need only be
approximate. A 1 - liter flask is recommended.

Short rubber

Figure B-18

8-18 Wash bottle. B.18s Tip.

Making the tip

Roli the tube in a bunsen until it is soft. (Do not use a flame spreader.) Remove
from the flame and slowly pull the ends apart until the softened region is a small as
desired. After the glass has cooled, break it at the appropriate place and fire - polish the
tip carefully so as not to close the opening.

To insert a glass tube in a stopper, first fire - polish both ends. After tube has cooled, wet
both tube and stopper and twist the tube into the stopper with a screwlike motion.

1. Protect the hand with a towel.

2. Do not exert on a bend.

3. Refer to pages 14 and 18.
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Plastic squeeze bottles are available.

Handling reagents and solutions

For successful analytical work, the availability of reagents and solutions of
istablished purity is of prime importance. A freshly opened bottle of same reagents -
grade chemical can be used with confidence in most application; whether the same
confidence is justified when this botlle is half full depends entirely upon the care with
which it was handled after being opened. The roles that are given here will be successful
in preventing contamination of reagents only if there are conscientiously followed.

General rules

1. Select the best available grade of chemical for analytical work. If there is a
choice pick the smaliest bottle that will supply the desired quantity of substance.

2. Replace the top of every container immediately after removal of reagents; do
not rely on heving this done by someone else.

3. Stoppers should be held between the fingers and should never be set on the
desk top.

4. Never return any excess reagents or solutions to a bottle; the minore saving
represented by the return of an excesse is indeed a false economy compared with the
risk of contaminating the entire bottle.

5. Do not insert pipettes into a bottle containing a reagent chemical. Instead,
shake the bottle vigorously with the cap inplace to dislodge the contents; then pour out
the desired cuantity.

6. Keep the reagents shelf and the laboratory balances clean. Immediately clean
up any spilled chemicals, even though others may be making the transfer of reagents in

the same area

Removel of solid materials from glass- stoppered bottles
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( Fig. B-19)

1. if solid material is packed, gently tap the bottie against the desk top while gently
rotating the bottle.

2. Tilt the bottle so that some of the material enters the hollow portion of the
stopper.

3. Gently remove the stopper and transfer the mataerial to weighing paper or
container.

4. Repet to get the required amount of solid.

5. Return to the bottle only that excess material which remain in the stopper.
Discard any excess which has come in contact with anything eise.

6. Replace the stopper in the bottle.

FIGURE 8-
Remuil ol a6 # ]’(\ﬂ‘
glass-stoppered boitle. = e B \ W
/ ' 7 AN i
: K } * PN\,
% \ ' ~a
Figure B - 19 \ WA

Alfernative method
(Fig. B-20)

1. remove the glass topper by gently twisting, tapping the stopper gently to
loosen, if necessary.

2. Use an absolutely clean spatula and dig out material, always laying the stopper
upside down on the desk top.

Figure B-20, B-21
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FIGURE B-20 Spatula must
be cleon

FIGURE B-21

B-20 Alternative method. B-21 Handling a glass stopper.

FIGURE B-22
Alternative method of
handiing a glass stopper.

Pouring liquids from bottlies
( Figs. B-21, B-22)

1. Loosen the stopper by gently twisting it. .
2. Grasp the stopper either between the fingers of the hand as in fig. B-21 or
between the palm and fingers as in fig. B-22.
3. Pour the liquid as needed.
4. Replace the stopper immediately in the bottle. Never lay it on the desk.
Figure B-22

Pouring liquids from beakers or other containers
(Fig. B-23)

1. Hold the glass stirring rod against the pouring lip of the beaker.
2. Tit the container, allowing liquid to flow around the stirring rod which guides

the liquid to the receiver.
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3. When the desired amount of liquid as been pored, position the pouring beaker
vertically allowing the last liquid to drain off the lip and down the rod.

Emergency hood
(Fig. B-24)

PRINCIPLE

When a hood is not available and noxious and corrosive fumes are enitted from a
reaction flesk or from a concentration - solution evaporation, assemble an emergency
hood.

APPARATUS
Glass funnel, rubber tubing, aspirator, water pump.

CAUTION

1. always use a hood when working with toxic or irritating chemicals.

2. The major sorce of accidents is spillage of corrasive chemicals on the clothing
and skin. Immediately flood with excessive amounts of water and then consult the
medical service.

3. Anithing on any operation that must beforced shoul be examined very
carrefully. The application of excessive force. To make something work can lead to
accidents and broken equipment. Always thing! Always be on guard!

1

FIGURE B-23

FIGURE B-24 To aspiator {

\

Inverted furnel
ond tuting

Erlenmeyer  / \

flosk (/ \

B-23 Use of stirring rod to guide B-24 Emergency hood.
liquid.
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Thermometers

Temperature: Fahrenheit, Centigrade, Absolute (Kelvin), Rankine

Temperatures are measured by instruments which indicate the intensity of the
heat in a body. Heat will flow from a higer - temperature body to a lower - temperature
body. The liwuid thermometer, usually filled with mercury, is calibrated at the freezing
point of water and when taken under 1 atm of pressure.

Definition of terms
(Fig. B-25)

There are four scales calibration: Fahrenheit | centigrade (celsius), absolute
(Kelvin), and Rankine. They are related as shoun in Fig. B-25. The lowest temperature
theoretically obtainable in called the absolute zero of temperature.

FIGURE B-25 =N W N 7N
Relationships of the four  goiing pont___| | | 3730 g —100* -21z¢ E —612
scales of calibration. o woter d ;:
Freening point__J 4 L 273 { }-o° 320 W |-as2e
of woter E
| r
Absolute 2er0 ___| " L o730 Y S g Lo
of tempecature LF o 213 r 60 é
Hill L L_]J
Kelvin Cetsis Fohrenheit Ranaine

(cer.tigrade)

Conversion Between scales

Temperatures can be easily converted from one scale to another. Refer to Table

B-1 for temperature conversions from centigrade to Fahrenheit and from Fahrenheit to
centigrade.

Fahrenheit 1o centigrade

1. Substract 320 from Fahrenheit reading.
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2. Mutltiply result by 5/9.
Example: 2120F = ?20C 7
Solution: 2120F
-320
1800F
5/9 x 180 = 1000C (Ans.)
Centigrade to Fahrenheit

1. Multiply centigrade reading by 9/5.

2. Add 320

Example: 1000C = ?0F ?

Solution: 9/5 x 1000C = 1800C
+320

2120F (Ans.)
Centigrade to absolute (Kelvin)

1. Add the number 273 to the centigrade reading.
2. The value is the temperature reading in Kelvin.

example: 200C = 70K 7

Solution: 273 + 200C = 2930K (Ans.)

Fahrenheit to Absolute

1. Convert Fahrenheit to centigrade
2. Convert centigrade to absolute.

Fahrenheit to Rankine
Add 4600 to Fahrenheit temperataure
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Centigrade to Rankine

1. Convert centigrade to Fahrenheit.
2. Add 4600 to Fahrenheit temperature.

Calibration of thermometers

Calibrate laboratory thermometers by testing at 00C: Immerse thermometer in a
well - stirred mixture of crushes ice and distilled water. The thermometer shouid read

0oC.
1000C: Fix thermometer above the surface of a beaker or flask of boiling eater so that

the mercury column is exposed to the vapor. The thermometer should read 1000C at a
barometric pressure of 760 mm of mercury.

Laboratory thermometers, long-scale type, are calibrates for complete immersion of the
mercury column in the liquid or vapor.

Stem correction

In melting-point or boiling-point determination, the entire mercury column is not
completely immersed in the vapor or liquid. Therefore, corrections must be made.

At temperatures 0 to 1000C, error is negligible; around 2000C, error may be 3 to
50C; and around 3000C, error may be 100C.
Correct these values by using the following formula:
Stem correction (in degrees) = KN (To-Tm)
where N = length of the exposed thermometer in degrees (the lenght not being exposed
to the vapor or liquid).
To = observed temperature on the thermometer
Tm = mean temperature of the exposed column ( obtained by placing auxiliary

thermometer alongside with its bulb midpoint)
K = constant, characteristic for the particular kind of glass and the temperature.
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EXAMPLE

The temperatures reads 2500C on a thermometer. What is a correct reading?

Solution
The exposed column of the thermometer reds from 110 to 3600C, a difference of
2500C. The temperature of the auxiliary thermometers reds 500C. Substituting:
K =0.00016
To =2500C
Tm = 500C
N=KN (To-Tm)
= 0.0016 X 250(250 - 50)
= 8.00C
The corrected temperature should be 250 + 8.00C = 258.00C.

Reuniting the mercury column

Do not reject thermometers because the mercury column has become
separated. Separation results from mechanical and thermal shock. Separated mercury
columns cause error in thermometer readings.

Always inspect thermometers before using to detect separation of the capillaty, bulb, and
reservoir and to detect dispersed in the bore balls.
Thermometer mercury columns can be reunited by the following procedures.

Caution
Remember thermometers are made of glass; they are fragile and will break easily. The

bulb is especially thin and fragile. Do not subject them to severe mechanical shock.
Reuniting procedure for mercury separation:
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1. Immerse the bulb of the thermometer in a suitable freezing mixture of dry ice
and acetone. All the mercury should be drawn inte the reservoir by contraction. Remove
and warm gently. The column should reunite . if unsuccessful, repeat this procedure
several times. '

2. Repeat procedure 1, but this time tap gently to dislodge gas bubbles.

3. Tap the thermometer at room temperature by holding the thermometer in your
right hand, making a fist around the bulb (gently), then hitting your clenched fist into the
palm of your other hand.

4. Turn the thermometer upside down, tap gently while heating the bulb
intermittently, forcing the mercury downward. Turn right side up and repeat this
procedure.Sometimes the mercury column will join together if there is a sufficiently large
capillary.

5. Swing the thermometer rapidly in a circle. Centrifugal force may reunit the
column. Do not " snap" your arm because the thermometer may break. The circular
motion forces the upper section of the column to fall to the bottom.

6. Warm gently over a bunsen flame with the bulb at a resonable height above
the flame. Heats expands the mercury in the upper expansion chamber.

Caution

Do not overfill the expansion reservoir because the thermometer of them which will work.

SECTION III

Heating, Sublimation, Evaporation and
Centrifuging

Heating nonflamabile liquids
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Test tubes

1. Fill the test tube one - half full maximum.

2. Hold the test tube with a test-tube clamp (Fig. C-1)

3. Point the mouth of the test tube away from you and anuone near you.

4. Place the test tube in the flame always moving the test tube constantly. If the

test tube is not moved, the liquid will get very hot and vapor will from and eject liquid

violently.
FIGURE C-1

N
FIGURE C-2
Move the test
tube constantly
. )
\ Avoid pointing e e
toward yourself ,Z"‘ \
or your neighbor rrm——————~ 1
C-1 Heating a liquid In a test tube. C-2 Assembly for heating solu-
tions.
Beakers or flasks

1. Place the beaker on asbestos center wire gauze resting on a tripod or ring
stand ( Fig. C-2, previous page).
2. heat with a gas burner.

Alternative method
Grasp the neck of the flask as shown in Fig. C-3 and heat.

Figure C-3
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Boiling stones

Boiling stones are essentialy 99.6 percent pure silica, fused and bonded to form

stones which have innumerable sharp projections for the release of vapor bubbles. They
are chemically inert, and when they are used, they stop bumping, reduce the danger of
breakage, and speed up distillation.They make possible sharper separations of
fractionsin distillations and are especially efficient Kjeldah! digestions. Boiling chips are
microporous, chemically inert chips, made of carbon or other materials which are used
for the same purpose as boiling stones.
When boiling stones are added to solutions which are heated to boiling to prevent
bumping, they release small amounts of vapor at many points, and the bubbles rise to
the surfaace, causing no trouble. Without them, large bubbles of vapor can form almost
explosively, causing glass breakage and contamination and loss of the foamed boiling
liquid.

Caution

Never add any boiling stones or boiling chips to hot liquids. Large amounts of vapor will
be formed immediately, causing frothing, spraying, and ejection of the heated liquid from
the flask. Always cool your solutions before you add the boifing stones.

HEATING FLAMMABLE LIQUIDS

Caution
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Vapors of flammable liquids must be kept away from open flame. Never heat in open
breakers or flasks with burner. The heavier - than - air vapors will descend and catch fire.
1. heat a sand bath or a very high - boiling mineral oil with gas burner.
2. Turn off the gas burner.
3. Immerse the beaker ir flask in the heated bath to heat the material.

Altemnative methos 1

f temperatures up to 1000C are adequate, use a steam bath. '

1. Seat the flask on the steam bath after removing the maximum number of
supporting rings to give the maximum heating surface.

2. Pass steam into the top inlet.

3. Connect the bottom outlet to the drain to discharge steam condensate.

Alternative method 2

Plaace the flask in a heating mantle and adjust the temperature of the heating
mantle with a transformer. Refer to Section 2 for Heating Mantles, Care and Operation.

HEATING ORGANIC LIQUIDS AND AQUEOUS SOLUTIONS

Practically all organic liquids are flammable. The lower the boiling point, the more
flammabile they are. If the identity of the liquid is know, check the reference handbook for

the boiling point. Assume all organic liquids are flammable until you have determined
otherwise.

Choose the heating system depending upon (1) the flammability of the liquid, (2) the
vessel used, and (3) the presence of the hazard in the work area.
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Beaker or open flask

Flammable:

1. Steam bath (for temperatures around 1000C).

2. Hot - water bath (for temperatures around 1000C).

3. Electric - heating mantles, variable transformer or rheostat ( most convenient).
Refer to Section 2 Heating Mantles, Care asn Operation.

Nonflammable:

Bunsen burner, direct or through oil or sand bath

Round - bottom flasks, closed - reaction assemblies

For reflux, distillation, and synthesis:
1. Bunsen burner, direct or through oil sand bath
2. Steam bath
3. Hot - water bath
4. Electric - heating mantle, with variable transformer or rheostat

Caution

1. Always place auxiliary thermometer in the oil or sand bath to guard against
excessive heating.

2. Connect thermocouple leads to temperature - indicating meter to indicate heat
of mantle to guard against excessive heating.

SUBLIMATION

Some solids go directly from th esolid state to the vapor state when heated, and
will go from that state back to the solid state when cooled.

PROCEDURE
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Gently heat the sublimable compound in a container which has a loose - fitting
cover chilled with cold water or ice (Fig. C-4).

FIGURE C-4
Sublimation.

EVAPORATION OF LIQUIDS

Small volumes

Evaporation of solvents is necessary at time concentrate solutions and to obtain
crystallization of solutes.

PROCEDURE

1. Pour the small volume of solution into the watch glass placed over a beaker of
water ( Fig. C-5).

2. Boil the water. The heat transfer through the steam formed evaporates the

-~

solvent of the solution.

Alternative method
Use evaporating dish instead of a watch glass (fig.C-6).

figure C-5
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c-5 Evaporation over a C-8 Alternative proce- c-7 Arrangement for
water bath. dure using evaporating the evaporstion of lig-
dish Instead of walch uids.
glass. 2

Large volumes of solvent
(Fig. C-7)

PRINCIPLE

Concentrate solutions by boiling off the desired volume of solvent. Refer to
Heating flammable liquids and Heating nonflammabile liquids.

PROCEDURE

1. Pour the solution which is to be concentrated by boiling off solvent in a suitably
sized beaker which is covered by a watch glass resting on glass hooks (Fig. C-7).

2. Heat the solution to evaporate the solvent.

Evaporation of solvent under reduced pressure

PRINCIPLE
Solvents can be evaporated more quickly by evaporating them at reduced
pressure and gently heating (Fig. C-8). Refer to Fig. C-9 for trap bottie. arAe it
=
Figure C-8 Ruboer stopper (:L -
//’ #
.
PROCEDURE o

1. Place the solution to be concentreted in a round - bottom flask or suction flask.

Caution: Do not use erlenmayer flasks having volumes larger than 125 ml. there

is a danger of implosion and collapse.
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2. Connect with rubber tubing to a safety trap which in turn is connected to a
water aspirator.

3. Apply vacuum by turning on water.

4. Swirl the flask to expose large areas of the liquid and speed evaporation.
Note: Swirling technique helps suppress bumping.

5. The flask cools as th esolvent evaporates.

6. Heat the slask by immersing in a warm - water bath.

Evaporation under vacuum

Water aspirator

1. Place liquid in a flask (fitted with a capiliary air-inlet tube, Fig. C-9) which is
connected to a water aspirator with tubing.

2. Turn on the water aspirator to apply vacuum; adjust the capillary in the flask.

3. Gently apply heat with a warm - water when evaporation is completed.

FIGURE C-9
Evaporation of solvent
um.!or reduced pressure.

To Thick-wolled
water

t
ospirator abitg )K)
-—
Filter flask

™ (thick wall)

|_—— Rubber stopper

Trap bottie

Mechanical vacuum pump

1. Place liquid in a flask (fitted with a capillary air-inlet tube) connected to a dry -
ice trap by tubing.

2. Connect the outlet of the trap to a vacuum pump. Refer to vacuum pumps in
Section 1F.

3. Tum on vacuum pump; adjust capillary on flasc to a fine-air-bubble stream.
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4. Gently apply heat with a warm - water bath.

5. Disconnect the tubing, connecting the flask to the vapor trap before turning off
the vacuum pump.

Commercial freeze -driers are available in some laboratories. They consist of a
self-contained freeze - drying unit which effectively will remove volatile solvents. They may
be simple ones, consisting merely of a vacuum pump, adequate vapor traps, and
receptable for the material solution. Others include refrigeraton units to chill the solution
plus more sophisticated instruments to designate temperatures and pressure, plus heat
and cold controls and vacuum -release valves.

Freeze - driers, as the name indicates, are usually used to remove all the volatile solvents,
but they can be used to remove smaller amounts as required.

CENTRIFUGES
See Fig. C-10. Use centrifuges to:

1. Clarify nonsettling solutions containing finely divided solids. (See Fig. C-11).
2. Break emulsions of two immiscible liquids. -
3. Collect solids from a slurry.

4. Obtain a clear solution from a liquid - solid mixture.

5. Separate two immiscible liquids from each other.

FIGURE C-10
FIGURE C-11

\
°\‘)
! U*S\
c-10 Laboratory centri- c-11 Withdrawing liq-
fuge. uid after centrifugation

of a mixture.

PROCEDURE: batch - type centrifuge
1. Divide the liquid to be centifuged among the minimum number of centrifuge
tubes. (See Fig. C-12)
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CAUTION
1. Use an equal number of tubes or fill one with counterbalancing solution. All

tubes and contained liquid should be weighed and adjusted to the same weight.

2. Insert the tubes, equally spaced from each other.
3. Start the motor and run the centrifuge until the objective has been achieved.

4. Turn off the switch and allow the rotating centrifuge assembly to come to
REST.

CAUTION
Do not attempt to stop the rotation manually when it is rotating at high speed. Use

brake if available.

FIGURE C-12  Before After
,Solld-llquld separation T ‘f Sampte T -
through centrifugation. - _ﬂ

Q
(&

P
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SECTION IV

Chemistry is a science of precision, quantitiv science . The most important single
piece of apparatus available to the chemist is the balance. It is as important to the
chemist as the microscope is to the biologist. Balances are mechanical devices used to
determine the mass of objects. Becouse the mass of the objects with are determinated
rangs from kilograms to micrograms, the choice of the balance to be used for any
determination is gonverned by the total mass of the object and the sensitivity desired.
Therefore the technician is always faced first with the decision of which to use. The
precision required is his second decision. All balances are precision and expensive
instrumentes and you should use extreme care when handling and using them. A great
variety of balances are found in the chemical laboratory, ranging from rough measuring
devices ( the trip balances, the triple-beam balance) which are sensitve to 0.1 g to the
analytical balances sensitive to frections of a micrograme.

Because balances are delicate instrumentes, the following comprehensive rules
should be observed in caring for end using them. ( This are general rules for all balances.
Prudence will dictate whichare not aplicable in work with rougher mesuring devices).

1. Level the balance.

2. Inspect the balance to be ceertain that it is working properly. Use calibrated,
undamaged weghts.

3. Check the balance zero.

4. Be certain the beam is locked before removing or changing weights or objects
to be weighed.

5. Keep the balance scrupulously clean.

6. Work in front of the balance to avoid parallax error.

7. Handle all weights and objects with forceps, never with fingers. Place the
forceps as near as posible to the center of the pans.

8. Avoid weighing hot abjects. (If posible).

9. Release the locking mechanism siowly , avoiding jars.
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10. Do not overload the balance.

11. Never weigh moist objects or chemicals directly on the pans.
12. Close the balance case ( if a part of the balance).

13. Triple count all weights to avoid error. Separate weights.

14. Record weights in notebook for addition. Never add mentally.

MEASUREMENT

introduction

-

The measure , by definition, is to determine the dimensions, capacity, or quantity
of anything. A measurement is the extent, capacity , or amount of something as
determined by measuring. Any of our life experiences are studied by a system of
measures and communicated to others by transferring a stimulus to an instrument which
measure its intensity. For example, we transfer aour feeling of temperature to others by
comparing our body temperature with that of the surrroundings and saying we are hot ,
could , or comfortable. The stimulus is temperature and the instrument is our body's
sense of feeling.

Laboratory instrumentes designed to measure our mere refinements for our body

senses. For example , a balance permits us to determine the mass of an object more
accurately than we could determine it by lifting.
In a quantitative determination we are accurately measuring some part of the whole,
some constituent of of the product. The amount of the constituent can be measured by
a volumetric,instrumental, or gravimetric technique, and the percent of a constituent
must be a ratio of the amount of contituent to the amount of product. The amount of
product is usualy determined by weight, and the weight is measured by a balance.

Types of balances
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Equal-arm balances - principle of operation

The equal-arm analytical balance ( Fig. J1), acts as a first class lever.

FIGURE J-1

Pointer
Equal-arm balance. oin

on center
of scale
when
bolanced

The addition of weight to one site of such a lever to rest ( in equilibrium) will cause it to
become unbalanced. The force at the point of load os a product of the mass invoived
and the horizontal distance from the fulcrum through which it is acting . The lever again
achieves its position of equilibrium when the force at the load site is exactly balanced on
the opposite side of the fulcrum.

Fi=F>

where F, and F; are opposing forces.
Since the force is dependent on the distance from the fulcrum, it is essential that the
pans of the balance be exactly equidistant from the fulcrum.

The weighing operation on an equal -arm balance then consists of duplicating
under load the equilibrium position of the unloaded balance.

Rider balances, chainomatic balances, and keyboard balances are examples of
equal-arm balances.
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Two-pan equal-arm balancces
(fig. J-2)

PROCEDURE:

1. Find the rest point of the balance when there is no load on either pan.
a) Raise the balance beam by tuming the operating knob into the free - swinging
position.
b) Start the balance swinging 10 to 20 division by air current.
c) Record 3 to 5 consecutive swing points of the pointer.
d) Return the balance to the supported position by reversing the position of the operating
knob.

2. Place the weighing dish on the left pan of the balance. Handle with forceps.

3. Transfer the appropriate weights with forceps to the center of the right pan.
Adjust the weights on the right pan to 10 mg light.

Rider carrier Rider

FIGURE J-2 Bec{m /
Controls and components of ; -
a laboratory balance . ¥ 7]

|

—
{4—+— Stirrup

[ T~t——Knife-edge and
agate bearing

Pointer and
— scole

N~— S Pan suppor t
é =2 T = @/
® D
<

ﬂ Beom arrest

Pan release

4. Move the “ rider " to bring the swinging pointer to the same rest point as the
original no-load rest point.

5. Record the total weight needed to achieve step 4.

6. You have optained the weight of the weighed in the weighing dish.

7. Place the material to be weighed in the weighing dish.

8. Repeat operations 2 through 5.

9. You have optained the weight of the substance and the weight of the weighing
dish combined.
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10. Subtract the weight in step 5 from that in step 9 to get the weight of the
material.

WEIGHING

The triple-beam balance unequal arm

The capacity of a triple-beam balance is 2,610 g with aftachment weights.
Its sensitivity is 1.1 g. See figs. J-3 and J-4.

PROCEDURE

1. Observe all general weighing procedures.

2. Slide all poises or riders to zero.

3. Zero the balance, if necessary with balance-adjustment nuts.

4. Place the specimen on the pan of the balance.

5. Move the heaviest poise or rider to the first notch that causes the
indicating pointer to drop, then move the poise back one notch, causing the pointer
to rise.

6. Repeat procedure 4 with the next highest poise.

7. Repeat this procedure with the lightest poise, adjusting the poise position
so that the indicator points to zero.

8. The weight of the specimen is equal to the sun of the values of all the
poise positions, which are read directly from the position of the marked beams.

FIGURE J-3
Triple-beam balance.
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FIGURE J-4
Triple-beam balance.

The dial-O-gram balance unequal arm

The capacity of a Dial-O-Gram balance (fig. J-5) is 310 g. Its sensitivity is
0.01g.

PROCEDURE

1. Observe all general weighing procedures, sliding poiseé to zero.

2. Rotate the dial to 10.0 g.

3. Move the 200 g poise on the rear beam to the first notch which causes
the pointer to drop; then move it back one notch.

4. Move the 100 g poise to the first notch which causes the pointer to drop.

5. Rotate the dial knob until the pointer is centered.

6. Add the values of the 200 g poise, the 100 g poise, and the dial. Each
graduation of the dial reads 0.1 g, with a vernier breaking the vaiue down to 0.01g.

Two-pan equal-arm chainomatic balances

Adjustment of the height of the chain in this type of balance causes changes
in the weight applied to the right-hand pan. It eliminates the use of weights less
than 0.1 g. It will apply weights from 0 to 100 mg (0.1 g) to the right-hand pan. See
Fig. J-6.
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FIGURE J-5 Vernier 0.4=q Vernier

graduation 0 Vernier

graduation

Di
FIGURE J-6 \

6.70< g
— graduotion

J-5 Dial-0-Gram control knob.

PROCEDURE

J-6 Ainsworth balance,
chainomatic type.

1. Use the procedure given under Two-pan Equal-arm Balances except:
When adding weights of 100 mg or less, adjust the height of the chain indicator to

ghet the same rest point as that of the original with no load.

2. Read the calibrated vernier to obtain the weight portion 0 to 100 mg.

Using the Vernier on the Chainomatic Balance and Other Equipment

PRINCIPLE

The vernier is used to measure accurately a fraction of the finest division on

the main scale of a measuring instrument.

Estimation without Vernier

On the main scale, without a vernier, the sliding index indicates the portion

on the scale corresponding to the measurement.

Example
2 (main scale) 3 cm
(index)
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1. The index points to a reading between 2.3 and 2.4 cm.
2. Estimate the index to be 8/10 of a division ( 8/10 of 0.1 cm, or 1.08 cm).
3. The estimated reading of the index pointer = 2.3 + 0.08 =2.38 cm.

Exact reading with vernier

Example

l _2] (main scale) i cm

(vernier)

1. The index point to a reading between 2.3 and 2.4 cm ( the same as was obtained in
the estimated procedure ). The zero mark on the vemier equals the simple index pointer,
indicating that reading is between 2.3 and 2.4 cm.

2. The division of the vernier scale which coincides with a division of the main scale
indicates the exact reading.

a) The vemier division which coincides is 7, which is exactly 0.07 cm.

b) The accurate reading is the sun of 2.3 cm and the exact 0.07 cm to give 2.37.

ADDITIONAL EXAMPLE
(main scale) 3 om
(vermier)

1. The vernier zero index is 2,7

2. The vernier reading is 0,01 cm (division 1 on the vemier coinciding with division 2,8
on the mail scale).

3. The exact readingis 2,7 + 0,01 =271
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Unequal-arm balance -substitution

The principle of operation of the unequal arm balance is substitution . The balance
consists of an asimetric beam. The maximum load is placed on both sides. On the shorter and
are a pan and full completment of weight. A counterweight is used on the longer end to impart
equilibrum on the sistem. When a load is placed on the pan , the analist must remove an
equivalent wight from the load side, within the range of the oplicalscale, to bring the balance
into equilibrum. The total weights removed plus the optical scale reading equal the weight the
on the pan. The Mettler singel-pan balance operates on this principle. A diagram of the weight

system appears in fig. J.7

FIGURE J-7 Lood here Equilibrum lood
Diagram of the weight constont here constant
system of an unequal-arm Lever orm

balance. constont
Opthical

scole T
reticle Taring disks
Front beoring
assembly

Sensitivity Principol Humidity
odjustment knife edge

Domping T ol S

Weights o

Definition of terms to describe performance of balaces

¢ Mass : an invariant measure of the cunatity of metter in an object.

» Weight : the force of atraction exerted between an object and the earth. Weight equaits
mass fimes the gravitational atraction

s Capacity: the largest load on one pan for wich the balance can be brought to equilibrum

¢ Precision (standard deviation) : degree of agrement of repeated measurements of the
same quantity. It is a stafistical value and is calculated :

S
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where S = standard deviation
d = deviation bettwen individual weghing and average
f=n-1

Precision and reproductibility are synonmous.

= Readabilty : the smallest frection of a division at which the index scale can be read with
ease.

Accuracy : the agreement between the results of the measurement and the true value of the

quaniity measured.

Factors Influencing accuracy

1. Magnitude of the lever arm efror .

2. Magnitude of error in scale indication due to variable load.
3. Ajustment error of weghts.

4. Uniform value of divisions throughout the optical scale.

5. Precision

6. Environmental

Factors 1 to 3 have no influence in the Mettler balance becouse of substitution.
e Sensitivity : the change in load required to produce a perceptible change in indication .
it is therefore a ratio and is not to be used to discuse the quality of a measurement.

Baslic conftrols on most single-pan analitical balances
1. Pan-arrestment control

a. Assures constant position of the beam between and during wething.

b. Protects the bearing surface for excessive wear and injury due to shocks.
2. Arestment controk-three positions
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a. Arrest position I8 used when removing or placing objects on the pan, when the
balance is being moved, and when the balance is not in use.

b. Partial arrest position is used to abtain prefiminary balance.

¢. Release position is used when the final weghtins are being made.
3. Zero-adjust knob

Pasitions the oplical scale to read zero when the pan is empty, becouse of minute
changes in beam position.
4. Weight-setfing knobs-tc which remove and replace weghts from the beam.

a. One knob removes weights in 1- to 9-g increments.

b. The second knob removes weghts in 10-g increments, load limit 100g.
5, Optical scale adjustment

Turmn knob positions the optical scale relative to a reference line so that the final weght
to 0.1mg can be optained.

General steps to follow using single-pan analitical balance

1. Check to see that the balance is level.
2. Zero the balance in arrest position, with pans clear and all weight reading at zero.
3. Weigh the object.
a. Put the pan in arrest position.
b. Palace the object on the pan
c. Set to semiarrest position
d. Adjust 1- and 10-g control knobs until the weight is within 1g of the object.
e. Return to airest position, the to full release position with the arrestment control.
f. Optain the final weght by adjustmnet of the optical system adjustment knob.

Types of single-pan analitical balances
Mattier model H-5 see fig. J-8
Sartorius series 2400 see fig J-9

Stanton unimatic CL2 see fig J-10
Ainsworth magni grad type 21 see fig. J-11
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FIGURE J-8 Pan-orrestmant control.
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FIGURE J-10

The Stanton Unimatic CL2
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balance.
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FIGURE J-11
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VOLAND MODFL POINTER See Fig |-12

160. 4
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Choosing the correct balance

Criteria for choosing a balance
1. Is the balance suitable for making the desired measurement?

EXAMPLE

Is a Mettier model B-5 ( four - place balance ) suitable for weighing 10 mg of material?

The accuracy in the optical scaleis +0.05 mg.

The ermor on a 10 mg sample is 0.5 percent error; therefore, a different blance must be
chosen.

Conclusion: Analytical tests cannot tolerate +0.5 percent errors; therefore, a different balance
must be chosen.

2. What balance is suitable to weigh 10 mg of material?

Model B-5 accuracy in the optical scale is +0.05 mg.
The efror on a 10 mg sample is +0.5 percent ( not tolerable).

Model B-6 accuracy in the optical scaleis +0.02 mg.
The error on a 10 mg sample is +0.2 percent ( tolerable).

Conclusion: Model B-5 is not suitable. Model B-6 is suitable.

Model calculation
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Determination of chloride:

V' * N * milliequivalent weight * 100
Percent Cl = - : e wimin
weight of sample (g)

where: V = volume of titrant (2 mi)
N = normality of titrant (1N)
miliequivalent weight of chioride = 0.035
weight of sample, g = 0.010000 ( no error assumed)

Assumption: The V and N of the titrant have no emor.

2*%01*0.035%100 -
0010000 - F¢
2*01%0035*100
Four - bal; 7 = 6964 t
r - place balance 001015 percen
possible error =+ 0.37
2*¥01*%0.035*100
Five-place balance: =69.76 ent
001002° percen
possible error = +0.24
2¥01*%0035*100
Microbalance: =69.98 t
icro 0010002° 9.98 percen

possible efror = + 0.02
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Fundamental rules for maintaining accuracy and
reproducibility of balances

1. Set up the balance where it will be free from vibration. Preferably choose a room with
constant temperature and humidity in which to set up the balance. a weighing table of
adequate weight and stability will be a suitable base.

2. Load and uniload the balance only when it is arrested. When arrested, the beam and
suspension rest on three arrestment pins each. The knife-edges are thus fuly unweighted and
not liable to damageby sudden load changes auch are caused by laying on or removing the
object to be weighted. The armrestment lever should be moved slowly until the scale llumination
has been switched on.

3. Turn weight-seting knobs only with the balance semireleased. Partial release
protects the knife -edges from damage during weght settings.Abrupt loading changes resulting
from applying and removing the weights are to a large extend absorbed by the arrestment pins
as, when semireleased , beam movement is imited.

4. Never place chemicals directly on the pan.

Weighing

Weighing requires the following operations.

1. Checking the level. Check the spirit level to ensure that the balance is properly
leveled. If necessary releved the balance.

2. Checking the zero point

Unload the pan and clean it if necesary.
Close the side window.
Set all weights to 0.
Set the micrometer scale to 0.
Release the balance fully.
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When the projected scale is at rest, bring the zero line of the scale to read zero.
Arrest the balance as fig. J-14a.

3. Placing an object to be weighed on the balance. The object to be weighed may be
placed on the balance only in the amrest state(fig. J-14a).

FIGURE J-14 /7
Weighing positions for ! /'
Mettier balances. i / /
fod /
1 /
/ k - / /_\\.
) W), e N
' \ —~_/
<\_,»' __/ -
tg) (8} (el
1a) Balance arrested. loading and unloading of pan. (1) Balance
semireleased. operation of weight-setting knobs. (¢} Balance
fully released. setting of zero point and reading of result.

Whenever possible use a pair of tweezers to avoid humidity and heat being transmitted
by the hands to the objects to be weighed and inside the weghing chamber. Rubber causes
static charges. After introducing the object to be weghed , close the side window immediately.

4. Weght setting.

Semirelease the balance (fig J-14b).The oplical scale moves downwardabout seven
graduations.

Turn the highest weght-setting knob clockwise. When the scale moves upward, turn the knob
back one step.
Repeat the same operation with the remaining weight setting knobs.

Arrest the balance after having set the weghts. (In this position the pen becames operative).
Release the balance fully and allow it to come to rest.

On model B-5 reading of the last decimal place is done with the aid of the vemier (fig. J-15). On
semimicro balance B-6 and micio M-5 turn the micrometer knob

FIGURE J-15 ——
Vernier on Mettier Model { =

4—.
20000 o=

-

i
oo 5
-

Weight = 84.7359

counterclockwise until the next lower scale graduation lies exactly in the center of the forked
pointer (fig J-16)
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FIGURE J.16
Micrometer knob (micro and |

40 F
semimicro balances). : f | (o l 35-= 10
0880 |22k

N— = o

Errors in welghing.

1. Changes in moisture or CO; content. Some materials take up H;O or CO; from the
air during the weghing process. Such material must be weighed in a close sistem.

2. Volatility of sample. Material which are volatile at room temperature will lose weight
while on the balance. Such materials weighed in close system.

3. Electrification. An object caming a charge of static electricity is atiracted to various
parts of the balance and an error in weght may occure. An antistatic brush might help in such
cases.

4, Temperature. If an object is warm relativ to the balance, convection currents cause
the pan to be buoyed up and the apparent weight of air displaced by the object on the pan.
This errors are quite small.

Performance data

B-5 macrobalance B-6 semimicro M-5 micro
Capacity, g 200 100 20
Optical range , mg 115 115 20
Readbility , mg 0.05 0.01 0.001
Accuracy of weights , mg +0.1 +0.1
Accuracy in optical range , mg +0.05 +0.02 +0.002
Precision +0.03 +0.01 +0.001
Suggested weight range , mg <50 20-50 <20
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SECTIUNEA YV

VOLUMETRIC ANALYSIS

A volumetric analysis is one in which the analysis is completed by measuring the
volume of a solution of established concentration needed to react completely with the
substance being determined.

DEFINITION OF TERMS

Units of Volume

Liter: The volume occupied by 1,000g of water at 4°C at atmospheric pressure.
Milliiter (ml):One-thousandth of a liter.
Cubic centimeter (cm®):Can be used interchangeably with milliiter without effect, however, 1ml
= 1.000028¢m”.

Titration

A process by which a substance to be measured is combined with a reagent and
quantitatively measured. Ordinarily, this is accomplished by the controlled addition of a reagent
of known concentration to a solution of substance until reaction between the two is judged to
be complete; the volume of reagent is then measured.

Back Titration

A process by which an excess of a reagent is added to a stample solution and then the
excess is determined with a second reagent of known concentration.

Standard Solution

A reagentof known composition used in a fitraion. The accuracy with which the
concentration of a standard solution is known sets a limit of the accuracy of the test,
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Standard solutions are obtained by one of the following:

« Carefully measuring a quantity of a pure compound and calculating the concentration from
measuring a quantity of a pure compound and calculating the concentration from the
weight and volume measurement

« Carefully dissolving a weighed quantity of the pure reagent itself in the solvent and diluting it
to an exact volume

e Using a prestandardized and commercially available solution

Primary Standard
A highly purified chemical compound used as a reference material in preparing a
standard solution.

Charactefistics of a primary standard are:

s It has high purity which has been tested.

e |tis stable and therefore should not be attacked by atmosphere.
e [t should not be hygroscopic.

e [tis readily avaiable.

o |t has high equivalent weight.

Equivalance Point

The point at which the standard solution is chemically egivalent to the substance being
titrated. The equivalance point is a theoretical concept. We estimate its pisition by observing
physical changes assocated with it in the solution.

End Point

The point where physical changes arising from alterations in cooncetration of one of
the reactants at the equivalance point become apparent.

Titration Error

The inadequacies in the physical changes at the equivalance point and our ability to
observe them.
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Typical Physical Changes in Volumetric Analyses
s Color due to the reagent, the substance being determined, or an indicator substance
« Turbidity resulting from the formation or disappearance of an insoluble phase
« Conductivity changes in a solution
» Potential changes across a pair of electrodes
e Refractive index
o Temperature changes

Volumetric Flasks
Volumetric flasks are calibrated to contain a specified volume when filled to the line
etched on the neck.

Direction for the Use of a Volumetric Flask

Before use, volumetric flasks should be washed withh detergent and, if necessary,
cleaning solution; oniy rarely need they be dried. Should drying be required, however, it is best
accompiished by clamping the flasks in an inverted position and employing a mild vacuum to
circulate air through them.

Weighing Directly into a Volumetric Flask

Direct preparatin of a standard solution requires that a known weight of solute be
introduced into a volumetric flask. In order to minimize the possibility of loss during transfer,
insert a funnel into the neck of the flask. The funnel is subsequentely washed free of solid.

Dilution to the Mark

After transferring the solute, fill the flask about half full and swirl the contents to achieve
solution. Add more solvent, and again mix well. Bring the liquid level almost to the mark, and
allow time drainage. Then use a medicine dropper to make such final additions of solvent as
are necessary. Firmly stopper the flask and invert repeatedly to assure uniform mixing.

77

https://biblioteca-digitala.ro / https://unibuc.ro



NOTE 1. If, as sometimes happens, the liquid level accidentally exceeds the calibration
mark, the solution can be saved by comecting the excess volume. Use a gummed label to
mark the actual position of the meniscus. After the flask has been emptied, carefully refil the
mark with water. Then, using a burette, measure the volume nedded to duplicate the actual
volume of the solution. This volume, of course, should be added to the nominal value for the
flask when the concentration of the solution is calculated.

2. For exacting work, the flask should be maintained at the temperature indicated on
the flask.

READING THE MENISCUS

Volumetric flasks, burettes, pipettes, and graduated cylinders are calibrated to measure
volumes of liquids. |

The water meniscus should be carefully read to get the correct measurement, because
water wets glass and the surface of water in glass tubes looks like Fig. L-1.

FIGURE L-1
Reading the meniscus. Burette — =

| Block paper

Special care must be used in reading the meniscus. Render the bottom of the
meniscus, which is transparent, more distinct by positioning a black-striped white card behind
the glass.

{_ocation of the eye in reading a gratuated cylinder:

1. With the eye above the meniscus, too small a volume is observed.

2 With eye on the same level as the meniscus, the correct volume is observed.

3. With the eye below the meniscus, too large is observed.

The eye must be level with the meniscus of the liquid to eliminate parallax errors (Fig. L-2).
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FIGURE L-2
Avoiding parallax error in <
reading the meniscus.
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(a) Eve level too high: volume too high. (b) Eye
level correct; volume correct. (c) Eve level too
low; volume too low.

Then read the top of the black part the top of the black part of tha card with respect to
the graduations on the burette.

TOOLS OF VOLUMETRIC ANALYSIS

Pipettes, burettes, and volumetric flask are standard volumetric equipement.
Volumetric apparatus calibrated to contain a specified volume is designated TC and apparatus
calibrated to deliver a specified amount TD.

The Measurement of Volume

Only clean glass surfaces will support a uniform fim of liquid; the presence of dirt or oil
will tend to cause breaks in this film. The appearance of water breaks a certain indication of an
unclean surface. Volumetric glassware is carefully cleansedby the manufacturer before being
supplied with markings, and in order for these to have meaning, the equipement must be kept
equally clean when in use.

As a general use, the heating of calibrated glass equipement should be avoided. Too
rapid cooling can permanently disort the glass and cause a change in volume.

When a liquid is confined in a namow tube such as a burette or a pipette, the surface is
found to exhibit a marked curvature called a meniscus. It is common practice to use the bottom
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of the meniscus in calibrating and using volumetric ware. This minimum can often be
established more exactly if an opaque card or a piece of paper is held behind the graduations.

Pipettes
Pipettes are designed for the transfer of known volumes of liquid from one container to
another. Pipettes which deliver a fixed volume are called volumetric or transfer pipettes (Fig. L-

3). Other pipettes, known as measuring pipettes, are calibrated in convenient units so that any
volume up to maximum capacity can be delivered (Fig. L-4). FIGURE L3 ]

FIGURE L-4 H

FigL-3 I
Fig.L-4 H

[ oo
= S Sl L il

Cleaning

Pipettes may be cleaned with a warm solution of detergent or with cleaning solution.
Draw in sufficient liquid to fill the bulb to about one-third of its capacity. While holding it nearly
horizontal, carefully rotate the pipette so that all interior surfaces are covered. Drain inverted,

and rinse throughly with distilled water. Inspect for water breaks, and repeat the cleaning cycle
if necessary.

Cleaning of Volumetric Equipment

1. Always rinse volumetric glasssware equipment three times with distilled water after
you have emptied and drained it. This prevents solutes from drying on the glassware, which
may be difficult to remove later.
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2. Dry volumetric glassware at room temperature, never in a hot oven. Expansion and
contraction may change the calibration.

3. The glass surfaces should be wetted evenly (Fig. L-5a). Spofting is caused by
grease and dirt (Fig. L-5b). Grease removal: rinse and scrub with hot detergent solution follwed
by adequate distilled-water rinses. Dirt: Fillor rinse with dichromate cleaning solution. Allow to
stand for several hours, if necessary. Flow with multiple distilled-water rinses.

FIGURE L-S D
=
=
l"

Water spreads out smoothly
on clean glass (a) but
stands in droplets on solled
glass (b).

Preparation of Cleaning Solution

In a 5000ml heat-resistant conical fiask mix 10 to 15 g of potassium dichromate with
about 15ml of water. Add concentrated sulfuric acid slowly and with through stirming between
increments. The contents of flask will become a semisolid red mass; add just enough sulfuric
acid to bring the mass into solution. Allow to cool somewhat before attemptingto transfer to a
soft glass bottie. The solution may be reused until it acquires the green color of chromium i
ion, at which time it must be descarrted.

Directions for the Use of a Pipette

The following instructions pertain specifically to manipulation of transfer pipettes, but
with minor modifications they may be used for other types as well. Liquids are usually drawn
into pipettes through the application of a slight vacuum. The month should not be used for
suction, since aside from the danger of accidentally ingesting liquids, there is possibility of
contamining the sample with saliva. Use of a rubber suction bulb or a rubber tube connected
to a vacuum pumpp is strongly recommended (Fig. L-6). N

FIGURE L-6 =)
A pipette bulb. / .
/

81

https://biblioteca-digitala.ro / https://unibuc.ro



1. Pipettes must be clean and rinsed with distiled water.
2. Drain compietely, leaving no rinse-water drops inside. If the pipette is wet with water,
rinse three times with solution to be used in the analysis.
3. Draw the liquid up in the pipette using:
a. The pipette bulb.
b. Suction: mouth or aspirator (Fig. L-7).

FIGURE L-7 Rubber
Using a pipette with water
aspirator.

CAUTION
Always use aspirator, pipette bulb, or safety flask when working with dangerous,
poisonous, or corrosive liquids. (Figs. L-6 and L-7).

PROCEDURE

1. Keep the tip of the pipette below the surface of the liquid.

2. Draw the liquid in the pipette witth a pipette bulb or suction.

3. Disconnect the suction when the liquid is above the calibration mark. Quickly
remove the suction unit and placethe index finger of the hand holding the pipette immediately
over the exposed end of the pipette to the closed end.

4. Release pressure on the index finger to allow the meniscus to approach the
calibration mark.

5. At the mark, apply pressure to stop liquid flow, and drainthe drop on the fip by
touching it to the wall of the liquid-holding container.
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6. Transfer the pipette to be used and release pressure on the index finger. Allow the
solution to drain completely, removing the last drop by touching the wall of the container (Figs.
L-8d and L-9). .

7. The calibrated amount of the liquid has been transferred. Do not blow out the
pipette.

Measurementof an Aliquot

As in cleaning, draw in a small quantity of the liquid to be sampled and throughly rinse
the interior surfaces; repeat this with at least two more portions. Then carefully fil the pipette
somewhat past the graduation mark. Quickly place a forefinger over the upper end of the
pipette to arrest the overflow of the liquid. Make certain that there are no air bubbles in the bulk
of the liquid or as a foamat the surface. Tilt the pipette slightly from the vertical and wipe the
exterior free of adhering liquid. Touch the tip of the pipette to the wall of a glass vessel (not the
actual receiving vessel) and slowly allow the liquid level to drop by partially releasing the
forefinger, halting further flow as the bottom of the meniscus coincides exactly with the
graduationmark. Place the tip of the pipette well into the receiving vesseland allow the sample
to drain. When free flow ceases, rest the tip against an inner wall for a full 10s or until ime as
indicated on the the pipette. Finally, withdraw the pipette with a rotating motion to the remove
any droplet still adhering to the tip. The small volume remaining inside the the tip is not to be
blown or rinsed into the receiving vessel (Figs. L-8 and L-9).

FIGURE L-8
Technique for using a

volumetric pipette. '/-
«’/// e \\
: N\
/o - \
i SR
7
(8 le) (d)

(o)

,/—:»-_-gd

—

(@) Draw liguid past the graduation mark. (b) Use forefinger to maintain liquid level
above the graduation mark. (¢) Tilt pipette slightlv and wipe away any drops on the
outside surface. (d) Allow pipette to drain freclv. ’
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FIGURE L-9
Magnified view

FIGURE L-10 of 1ip
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L-9 Draining the pipette. } L-10 Schellbach burette.
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in the case of color-coded pipettes, a frosted ring indicates complete blow-out.

NOTE:

1. The liquidcan best be held at a constant level in the pipette if the forefinger is slightly
moist. Too much moisture, however, makes control difficult.

2. It is good practice to avoid handiing the pipette by the bulb.

3. Pipettes should be throughly rinsed with distilled water after use.

Burettes

Burettes, like measuring pipettes, defiverany volume up to the maxmum capacity.
Burettes of the conventional type must be manually filed. Others with side arms are filled by
gravity. For more accurate work, Schellbach burettes (Fig. L-10) are employed. These have a
white background with a blue stripe and can be read at the point of least magnification. When
unstable regeants are employed, a burette with a reservoir bottle and pump may employed.

Directions for the Use of a Burette

Before being placed in service, a burette must be scrupuosly clean. In addition, it must
be established that the valve is liquid-tight.

Cleaning

Throughly clean the tube with detergent and a long brush. If water breaks persist after
rinsing, clamp the burette in an inverted position with the end tipped in a breaker of cleaning
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solution. Connect a hose from the burette tip to a vacuum line. Gently pull the cleaning solution
into the burette, stopping well short of the stopcock. Allow to stand for 10 to 15 min and then
drain. Rinse throughly with distilled water again inspect for water breaks. Repeat the treatment
if necessary.

NOTE:

Grease fiims that appear unaffected by cleaning solution mmay yield to tretment with
such organic solvents as acetone or benzene. Thorough washing with detergent shouild follow
such treatment.

Filling

Make certain that the stopcock is closed. Add 5 to 10 ml of soiution and carefully rotate
the burette to wet the walls completely; allow the liquid to drain through the tip. Repeat this
procedure two more times. Then fill the burette above the zero mark. Free the fip of air
bubblesby rapidly rotating the stopcock and allowing small quantities of solution to pass.
Finally, lower the level of the solution to, or somewhat below, the zero marking; after allowing
about a minute for drainage, take an initial volume reading.

Holding the Stocock

Always push the plug into the barrel while rotating the plug during a titration. A right-
handed person points the handle of the stopcock to the right, the operates the plug with the left
hand, and grasps the stopcock from the left side as shown in Fig. L-11.

FIGURE L-11
Preferred method for
ipulating a st W

Wrap thumb ond forefingers
oround hondle 1o turn stopcock
Apply inward pressure o

keep stopcock seated

The lost twe fingers
push ogainst hip

to absore

seofing pressure

How to grease a st
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Titration is the preferred method for manipulation of a stopcock. Any tendency for lateral
movement of the stopcock will be in the direction of firmer seatings.

Using the Burette

1. Test for cleanliness by cleamping in an upright position and allow it to drain. No
water drops should adhere to the inner wall. If they do, reclean the burette.

2. Grease the stopcock with clean grease, after cleaning it.

a. Remove the stopcock.

b. Clean the bairel and stopcock with a rag soaked in benzene.

c. Regrease as in Fig. L-12. Improperly applied grease will spread and oobstruct the
holes, making recleaning necessary.

Making a Titration

1. Rinse the cleaned burette three times with the solution to be used, draining
completely each fime.

2. Fill the burette above the zero graduation.

3. Drain slowly until the tip is free of air bubbles and completely filed with fiquid and the
meniscus liquid is at the zero graduation.

4. Add the fitrant slowly, while swirling the flask with the right hand until the end point is
obtained.

5. For precision work, volumes of less than one drop can be rinsed off the tip of the
burette with wash water.

6. Allow 30s to drain; then read the final position of the mmeniscus.

CAUTION

Never allow reagents to remain in burettes overnight The stopcock may "freeze”
because of prolonged dontact, especially with bases such as KOH and NaOH

7. The difference between the "before" and "after” readings on the burette is the
volume of liquid delivered.
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To avoid error, with the tip well within the fitretion vessel, introduce solution from the
burette in increments of a milliiter or so. Swirl (or stir) the sample constantly to assure efficient
mixing. Reduce the volume of the additions as the titration progresses; in the immediate vicinity
of the end point, the reagent should be added a drop at a time. When it is judged that only a
few more drops are needed, rinse down the walls of the titration. Allow a minute or so fo elapse
between the last addition of reagent and the reading of the burette.

SYRINGE-HANDLING TECHNIQUES IN
CHROMATOGRAPHY

in chromatography, your results are often only as good as the reproducibility of your
sample. And the reproducibilityof your sample quantity depends on many factors, amang
which are an accurate syringe and the operator.

To help chromatograph operators obtain the greatest reproducibility possible, we have
compiled some syringe-handling techniques from experencied operators in the field. No
suggestion or hint here is "the" answer to every problem, but perhaps you will find an answer to
the probiem that has been plaguing you.

Filing the Syringe

1. Be certain the syringe and plunger are clean before filing. Following is one
recommended method of cleaning a syringe: Pomp cold chromic acid solution through the
syringe with the plunger, rinse both with distiled water, blow the syringe dry, and carefully wipe
the plunger with lint-free tissue, being careful not to touch the plunger shaft with your finger.

The chromic acid solution does a good job of destroying organic detergent residues
and fingerprints on the plunger. The more stubborn oxide stains in the syringe-body neck may
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be remove with aqua regia, but it is recommended only as a last resort and should never
contact the plunger or needle.

2. Pressurize your sample bottle using a gastight syringe filled with inert gas. repeat as
needed to build pressure in the bottie. This is particulaly recommended for syringes with a
detachable needle.

3. To assure an accurate measurement, wet the interior surfaces (barrei and plunger)
of the syringe with the sample by pumping the plunger before before filing. When properly
done, this neutralizes the liquid movement by capillary forces.

4. Overtfill the syringe in the sample bottie, and move the plunger to the desired
calibraton line, discharging the excess sample. This is your best assurance of a "full' sample.
Discharging the excess sample while the needle is still in the sample bottie may cause a loss of
sample upon withdrawing.

5. Read the syringe graduation from the same angle each time you fill the syringe.
Recommended practice is o read the sample at the "top" (flange end) of the calibration fine.
This provides an accurate visual check and reduces the problems of “line thickness”. Strive to
develop a smooth uniform loading operation to minimize slight involuntary errors.

6. Take a visual check of syringe for bubbles or foreign matter in the sample.

7. Syringes with detachable needle require care filingbecause of the dead volume in
the needie. (Refer to point 2)

8. Before injecting, wipe the needle clean with a lint-free tissue in a quick motion, taking
care not to wipe sample out of the needle and not to fransfer body heat from your fingers to the
needle.

Injecting the sample

1. Develop a rhythm in your motion that is used each fime you inject; i.e., do the same
things in the same manner at the same time.

2. Hold the syrings as close to the flange (in the unmarked area) as possible. This will
prevent the heat transfer that occurs when you hold the needle or barrel with your fingers.
Another way to prevent heat transfer is to use a Kel-F syringe guide. The guide also makes
septum penetration easier.

3. Handle the plunger by the button, not the plunger shaft. This reduces the possibility
of damage or contamination.

88

https://biblioteca-digitala.ro / https://unibuc.ro



4. Develop a smooth rhythm that allows you to inject the sample as quicklyas you can
with accuracy.
5. For greatest accuracy, it is recommended that the syringe not be used at maximum

capacity.

SECTION Vi

Determination of Physical Properties

DENSITY

The density of any substance can be founded by dividing the weight of that substance
by tha volume that it occupies:

weightofthesubstancein grams
volumeofthesubstancein cubiccentimeters

Density =

Density is expressed in following units:
Grams per cubic centimeter g/cc or glem’®

Grams per milliiter g/mi
Pounds per cubic foot bt
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The density of water at 4°C is 1000 g/cm’=1000g/mi; therefore, the terms milliiters and
cubic centimeters are usually interchangeable. (However, in British system the density of water
at 4°C=62 4 IbAt’)

PROCEDURE
Determine the weight and volume of the substance, and divide the weight by the

volume.

Regularly Shaped Solids

1. Weigh the object ‘

2. Measure the object and obtain relevant dimension.

3. Calculate the volume using mathematical formulas for box, sphere or cylinder.
4. Divide the weight by volume.

Irregularly Shaped Solids
1.Weigh the object. ‘
2. Determine the volume by water displacement (Fig. F-1):
(a) Use a graduated cylinder containing a measured amount of water (original
volume).
(b) Submerge the weighed solid completely in the cylinder containing the water
and record the larger volume reding (final volume)
(c) Subtract the oringinal volume from the final volume and obtain the volume
of the object.
(d) Divide the weight of the object by the volume.

Volume of tes the
7~ 44—pieces of solid
were submerged

Original volume
of woter

Differencezvolume
of solids

Pieces of solid
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Liguids

1. Use a calibrated-volume liquid container, fitted with thermometer.
2. Weigh the empty container.

3. Weigh the filled container and record the temperature.

4. Obtain the weight by substraction.

5. Divide the weight by the volume of the calibrated container.

SPECIFIC GRAVITY

Pycometer

Specific gravity is humerically the same value as the density; it is the weight of the
substance divided by the weight of an equal volume of water. Specific gravity is only a number;
there are no units to it.

weight of given volume of substance
weight of same volume of water

Specific gravity =

The water standard is taken at 4°C (density of water is 1000g/cm®).

PROCEDURE

1. Weigh a pycometer (Fig.F-2), a calibrated-volume ground_glass fitting with closure
and thermometer.

2. Weigh the pycometer filled with water. Substract the weight obtained in step 1 from
this weight. This gives the weight of the water.

3. Weigh the pycometer filed with the unknown liquid. Substract the weigh obtained in
step 1 from this weight. This gives the weight of an equal volume of liquid.
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4. Divide the weight obtained in step 3 by the weight obtained in step 2 to get the
specific gravity. (Weights should be taken at the same temperature).

Hydrometer

A hydrometer is a floating glass container, weghted at the bottom, having a slender
stem calibrated to a standard (Fig. F-3). The depth to which the container wil sink in a liquid is
a measure of the specific gravity of the liquid. Specific gravily is read directly from the calibrated
scale on the stem of the container.

Hydrometers are calibrated in specific gravities (the weight of a liquid divided by the
weight of an equal volume of water taken at certain temperatures, such as 60°F or 70°F) or in
arbitrary units as degrees Baume (Be), degrees AP.l. (American Petroleum Institute), or

degrees Brix (also called Fisher). rrouRE Foz R
FIGURE F-3 !
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F-2 Pycnometer. F-3 Hydrometer.

Hydrometer readings given in specific gravities can be converted to these units by the following
formulas:
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Liquids lighter than water:

14
°Be = 0 -130
sp.gr.60°F / 60°F
141.5
°AP L= -1315

- sp.gr.70°F / 60°F

400
°Brix = : -400
sp.gr.60°F / 60° F

Liquids heavier than water:

145

°Be = 145 -
¢ p.gr.60°F / 60°F

°Brix = arbitrarily graduated so that 1°Brix=1% sugar in solution
See Table F-1 for conversion of degrees Baume to specific gravity

TABLE F-1
Conversion Tble, Degrees Baume (American)-Specific Gravity at 60°F (15.55°C)
For Liquids lighter than water, degrees Baume=140/sp.gr - 130

o Be 00 1 o 20 30 40 50 60 70 80 90

10 1.000 0.993 0.986 0.979 0.972 0.966 0.959 0.952 0.946 0.940

200.933 0.927 0.921 0.915 0.909 0.903 0.897 0.892 0.886 0.880

30 0.875 0.870 0.864 0.859 0.854 0.848 0.843 0.838 0.833 0.828

40 0.824 0.8150.814 0.809 0.804 0.800 0.795 0.791 0.786 0.782

500.778 0.773 0.769 0.765 0.761 0.757 0.753 0.749 0.745 0.741

60 0.737 0.733 0.729 0.725 0.722 0.718 0.714 0.711 0.707 0.704 70 0.700 0.696 0.693 0.690
0.686 0.683 0.680 0.676 0.673 0.670

80 0.667 0.664 0.660 0.657 0.654 0.651 0.648 0.645 0.642 0.639
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900636 0633 0.631 0.628 0.6250.622 06190617 0.614 0.611

For fiquids heavier than water, degrees Baume=145-145/sp.gr.

‘Be 0° 1° 2° 3 4° 5° & 7 8 9

01.000 1.007 1.014 1.021 1.028 1.036 1.043 1.051 1.058 1.066
10 1.074 1.082 1.090 1.098 1.107 1.115 1.124 1.133 1.142 1.151
20 1.160 1.169 1.179 1.188 1.198 1.208 1.218 1.229 1.239 1.250
30 1.261 1.272 1.283 1.295 1.306 1.318 1.330 1.343 1.355 1.368
40 1.381 1.394 1.408 1.422 1.436 1.450 1.465 1.480 1.495 1.510
50 1.526 1.543 1.559 1.576 1.593 1.611 1.629 1.648 1.667 1.686
60 1.706 1.726 1.747 1.768 1.790 1.812 1.835 1.859 1.883 1.908

MELTING POINTS

The melting point of a crystaliine solid is the temperature at which the solid substance
begins to change into a liquid. Pure organic compounds have sharp melting points.
Contaminants usually degrade the melting point and extend it over a long range. The
temperature of the melting point and sharpness of the melting point are criteria of purity. The
metting-point range is the temperature range at which cristals begin to collapse and melt and
the temperature when the material becomes completely fiquid.

PROCEDURE

Determine mefting points by introducing a tiny amount of the compound into a small
capillary tube attached to the stem of a thermometer which is centered in a heating bath.

SETUP OF APPARATUS
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1. Obtain commercially available capilary tubes or make them by drawing out 12mm
soft glass tubing. (Refer to laboratory procedures, making capillary tubes).
2. Fill the capillary tube with powdered compound to a height of 3 to 4 mm.
(a) Scrape the powder into a pile.
(b) Push the powder into the open end of the capillary tube.
(c) Shake the powder to the bottom of the tube by tamping lightly against the
desk top or by gently scraping the tube with a fiie. Pack tightly.
3. Attach the capillary to the thermometer with a rubber band and immerse in an oil
bath.
4. Heat the oil bath quickly to about 5°C below the melting point, stirring continuously.
5. Now heat slowly; raise the temperature about 1°C/min, miing continuously.
6. Record the temperature when fusion is observed and record the melting-point
range.
7. Discard the capillary after the determination has been made.

FIGURE F-4
Laboratory setup.

CAUTION

Never determine the melting point by observing the temperature at which the meited
substance solidifies when the bath cools. The substance may have decomposed, forming a
new substance with a different melting point, or the substance may have changed into a
another crystalline form having a different mefing point. Multiple metting points may be run
simultaneously if their melting points differ 10°C. Identify tubes to avoid mistakes.

Substances which sublime: Seal both ends of the capilfary tube.
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Substances which tend to decompose: Insert the capillary in the heating bath when the
temperature is only a few degrees below the melting point.

Electrical Melting-point Apparatus

This is a metal block in which a thermometer is inserted into a close-fitting hole bored
into the block, which is heated by electricity controlled by a variable transformer or a rheostat
(Fig. F-5).

PRINCIPLE
The metal block is constructed so that the temperature of the thermometer indicates
the temperature of the metal block on which the solid metts.

PROCEDURE
1. Clean the surface of the block.
2. Place a very small quantity of finely powdered material on the proper area.

©
Fig.F5, F-6
_ &
—| ©
3. Follow the heating procedure above.  »s Eiecuical meningaint smesermn. - 1o .l.,.....,, —

for extraction.

4. When the determination is complete, tum off the electricity.
5. Multiple melting points may be determined simultaneously.

EXTRACTION
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Extraction methods involve the use of two nonmiscible (immiscible) solvents and a
solute which is soluble in each. Immiscible solvents are incapable of mixing with each other to
attain homogeneity. They will separate each other into separate phases, such as oil and water.
Miscible solvents are capable of being mixed in any ratio without separation into two phases,
such as methyl alcohol and water.

Use exiraction procedures to separate, purify, and analyze. Solvents usually involve
water and an immiscible organic solvent such as the following:

e Diethyl ether
e Benzene
e Chloroform
e Petroleum ether
» Ligroin
¢ Ethylene dichloride

If two organic solvents are being used, they must be immiiscible, or insoluble, in each
other. The solubility of the solute in the solvent determines the selection of that solvent. The
ease of removal of the solvent from the solute also is a factor in the choice of the extraction
solvent.

EQUIPEMENT

Separatory funnel, solvent is extracted with another solvent which is immmiscible with
that soivent. The solute must be soluble in both solvents. Multiple extractions with smaller
portions of the exiractions with smaller portions of the extraction solvent are more effective than
one extraction with a large volume.

PROCEDURE FOR HIGHER-DENSITY EXTRACTION SOLVENT

1. Use a clean separatory funnel (Fig.F-6), lubricating the barrel and piug of the funnel
with a suitable lubricating. (Refer to procedures: lubrication of stopcock).

2. Pour the solution to be extracted into the funnel, which should be at least twice the
total volume of the solution and the extraction solvent.

3. Pour in the extraction solvent.
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4. Shake the funnel gently.

5. Invert the funnel and open the stopcock slowly to refieve the pressure built up.

6. Close the stopcock while the funnel is inverted and shake again.

7. Repeat steps 5 and 6.

8. Place the funnel in a ring-stand support and allow the two layers of liquid to
separate. Remove stopper closure.

9. Open the stopcock siowly and drain off the bottom layer.

10. Repeat operations starting at step 3 with fresh extraction solvent as many times as
desired.

11. Combine the lowers layers which have been drawn off.

NOTE: The choice of extraction solvent determines whether the solute remains in the
separatory funnel or is in the solvent which is drawn off. The solvent which has the greater
density will be the bottom layer. Thus the less dense exiraction solvent remains in the
separatory funnel and more dense extraction solvent is drawn off.

The extraction solvent and the solute which it now contains are now processed to
recover the solute wanted and, if practical, to reclaim the extraction solvent for economy
reasons. (Refer to Fig.D-34e or procedures: evaparation of liquids).

Solvent Considerations
Like substances tend to dissolve like substances:
» Organic solvents tend to dissolve organic solvents
e Water tends to dissolve inorganic compounds and salts of organic acids and bases
o Organic acids, soluble in organic solvents can be extracted into water solutions by using
bases (NaOH, Na,COs, or NaHCO»): (1) The base neutralisez the organic acid, converting
it to a salt. (2) The salt, soluble in water, is extractedby the water.

NOTE: Diethyl ether is a commonly used organic solvent because:
1. it is easily removed from solutes becauseof its high volatility.
2. Itis cheap.
3. itis an excellent high-power solvent.

However, it has disavantages:
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1. lis afire hazard,

2. It has high solubifity in water.

3. It has poor recovery because of high volatility.

4. ltis an explosion hazard because peroxides form.

Emulsion Problems

Emulsios may form when aqueous solutions are extracted with organic solvents;
therefore, the two separate and distinct layers do not form. Emuisions may be broken by:.

1. Adding some NaCl.

2. Adding a few drops of silicone defoamer.

3. Adding a few drops of dilute acid (if permissible).

4. Drawing a stream of air over the surface with a tube connectedto a water pump.

5. Placing the emuision in a suitable centrifuge tube and centrifiging until the emulsion
is broken. (Refer to procedures: centrifuges).

FILTRATION

Efficient filtration depends on the correct selection of the method to be used, the
various pieces of apparatus available, the utiization of the fiter medium most appropriate for
the particular process, and the use of comect laboratory technique in performing the
manipulations involved.

Filtration is process by which a liquid is separated from a solid by pouring the liquid
through a sieve, ussualy fiter paper. The liquid passes through the paper, but the solid is
retained. Gravity is employed to cause the liquid to pass through the paper. More rapid
methods utilizing vacuum to hasten the separation are recommended.

it may be necessary to fiter materials from highly custic or acidic media or under highly
reactive conditions. A variety of filter media exist from which a selection may be made which
best fits the particular objectivesand conditions of a given process. The most common fitters
are:

e Paper
» Fiber-glass papers or mats
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s Gooch crucibles

e Sintered-glass crucibles and funneis
e Porous porcelain crucibles

e Monroe crucibles

o Al are availabie in various porosities.

Types of Filtration

There are two general methods of fitration: gravity and vacuum filtration. Gravity
fitration is a procedure in which the filtrate passes through the filter medium under the force
gravity and capillary attraction between hte liquid and the funnel stem (Fig. F-7).

FIGURE F-7

FIGURE F-8 /

Glass
stirning
rod

Filter paper

229

_F-7 Gravity fiitration. F-8 Folding a filter paper.

Vacuum filration is a procedure in which a pressure differential is maintained across the filter
medium by evacuating the air below the fiter paper. Vacuum fittration provides a force on the
solution in addition to that of gravity and increases the rate off fitration (see Fig. F-19).

Gravity Filtration

Gravity filtration using filter paper and the conical funnel is the most common procedure
for fitration. The procedure s slow, but it is highly favored for gravimetric analysis over the more
rapid vacuum filtration because thre is better retention of fine particles of precipitate and less
rupturing or tering of the paper. Gravity filtrationis generally the fatest and most preferred
method for fitering gelatinous precipitates because these precipitates tend to clog and pack
the pore of fitering medium much more readily under the additional force supplied during a
vacuum filtration.

Avoid the accumulation of precipitate on the fiter paper at early stages of fitration
process. This is necessary for rapid fittering since the precipitate will be drawn into the pores of
the paper where will be impede the passage of solution and retard the rate of filtration. Thee
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precipitate should be allowed to settle to the bottom of the breaker bbefore the filtration begins.
The supematant-iquid phase, free of most of the suspended precipitate, is then poured into
the fitter, leaving the precipitated solid essentially undisturbed. The bulk of precipitate is not
added until the last stagess of filtration, as part of the washing process (see Fig. F-16).

NOTE: Many precipitates will spread over a wettered surface against the force of gravity; this is
known as creeping. To avoid loss of precipitate because of this phenomenon, a paper fiter or
fitering crucible is never filled more than three-quarters full at any time.

Optimum fitlering speed is achieved in gravity fitration by proper folding and positioning
of the paper in the funnel (Fig. F-8). f maximum speed is fo be maintained, obseive the
following condition in gravity fitration:

1. Take maximum advantage of capillary attraction to assist in drawing the liquid phase
through the paper. Use a long stem on the funnel; maintain a continuous column of water
from the tip of the funnel stem to the undersurface of the paper. The fip of the funnel should
touch the side of the vessel which receives the filtrate, which aids the filtration and minimisex
the loss of fitrate due to splashing. Maintain an airtight seal between the glass surface of the

Note use of o

funnel and the top edge of the paper (Fig. F-9). I storng o o
%/
&

FigF9,F-10,F-11  AAD D 7 b

~

Pour the hauad
onic the poper
not on tne G1ass

F-9 Alternative method of F-10 Seating of a fiilter F-11 Filtration.
folding filter paper. Steps paper.

in folding filter paper for

use In filtering with a reg-

ular funnel. The second

fold Is not exactly at a

right angle. Note tear.

2. Expose as much of the paper as possible to provide free flow of liquid through the
paper. Fold the paper so that it does not coincide exactly with the walls of the funnel, permitiing
liquid to flow between the paper and the glass. Maintain an airtight seal between the top of the
fiter paper and the funnel (Fig. F-10).

3. Add solution until the paper cone is three-quarters filled. Never fil the cone
completely. This offers protection against loss of precipitate due to creeping and overflow. it
also provides an area near the top of the paper which is free of precipitate. By holding this
"ciean” portion, you can remove the cone from the funnel and fold it for ignition without loss or
contamination (Fig. F-11).
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Selection of the Filter Paper

There are several variefies or grades of fiter paper for special purposes, qualitative
grades, low-ash or ashless quantitative grades, hardened grades, and glass-fiber papers. For a
given filtration, you must select the proper fiter paper with regard to porosity. The choice of
method to be used - gravity or vacuum filtration - depends upon the following (see Table F-2):

1. The nature of the precipitate

2. The time to be spend on the filtration

3. The degree to which it is necessary to retain all the precipitate

4. The extent to which one can tolerate the contamination of the precipitate with the
fiitate

The main objective is to carry out the fiitration as rapidly as possible, retaining the
precipitate in the paper with 2 minimum loss.

Table F-2 Commonly Used Fitter Papers

W S8 RA Porosity Speed Use for
Qualitative- or regular-grade papers
4 604 202 Coarse Very rapid Gelatinous precipitates
1 595 271 Medium Medium Ordinary crystalyne
precipitates
< | 602 201 Medium Slow Fine precipitates; used
with buchner funnels
Quantitative-grade papers (less than 0.1mg ash)
41 589 blue Coarse Very rapid Gelatinous precipitates
ribbon
40 589 white Medium Rapid Ordinary crystalyne
ribbon precipitates
42 588 black Fine Slow Finest crystalline
ribbon precipitates

It is advisable to carry out precipitations in a beaker whenever possible because it has a
pour spout to facilitate of liquids without loss.

Qualitative-grade paperswill leave an appreciable amount of ash upon ignition (of
order of 0.7 tp 1 mg from a 8-cim circle) and threfore unsuitable for appiications in quantitative
analysis where precipitates are to be ignited on thhe paper and weighed. They are widely used
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for clarifying solutions, filtraion of precipitates which will later be dissolved, and: general
nonguantitative separations of precipitates from solution.

Low-ash or ashless quantitative-grade papers can be ignited without leaving anash.
The residue left by a 11-cm circle of a low-ash paper may be as low as 0.06mg; an ashless-
grade paper tipically leaves 00.09mg or less from an 11-cm circle. In most analytical
procedures, this small weight can be considered negligible.

Hardened-grade papers are designed for use in vacuumifittrations and are processed
to have great wet strenght and hard lintless surfaces. They are available in low-ash and
ashless as well as regular grades.

Fiber-glass papers are produced from very fine borosilicate glass, used in Gooch,
buchner, or similar fitering apparatus to give 2 combination of very fine retention, very rapid
fitration, and inertness to action of most reagents to an extent not found in any cellulose paper.

All grades of filter paper are manufactured in a variety of sizes and in several degrees of
porosity. Select the proper porosity for a given precipitate. If too coarse a paper is used, very
small crystals may pass through, while use of too fine a paper will make fitration unduly siow.
NOTE: Solutions of very volatile liquids, ether, and hot solutions are not fitered very
conveniently with suction. The suction may cause excessive evaporation of the solvent, which
cools the solution enough to cause precipitation of the solute. .

Fluting the filter paper (Fig.F-12) increases the rate of filtration. Fluting makes more of
the surface of the fiter paper available for fitration. Fold the paper in half and then fold this half
into eight equal sections, like an accordion. The fluted fiter paper is then opened and placed in
afunnel

(Fig.F-13). m
Plastic
wosh
bottie

F-13 A fiuted fiiter . shing pre-
paper in a funnel. :I:,:h.:: into ":n cru-
cible with a squeeze

bottie

Wash Botlos ... ruing » rutes e

Two types are generally used: (1) the Florence flask (see Fig.B-18), which operates on
breath pressure (the stream of water is directed by moving the tip with the fingers) and (2) the
plastic squeeze bottle (Fig.F-14).
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Manipulations Associaled with the Filtration Process

Whether one uses gravily or vacuum filtration, three operations must be performed:
decantation, washing, and transfer (Fig.F-15).

FIGURE F-15

The filtering operation /= )|
showing techniques for 5
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Decantation

When a solid readily setties to the bottom of a liquid and shows littie or no tendency to
remain suspended, it can be separated easily from the liquid by carefully pouring off the liquid
so that no solid is camied along. This process is called
decantation. To decant a liquid from a solid:

1. Hold the container (beaker, test tube, etc.) which has the mixure in it in the right
hand and have a glass stirring rod in the left.

2. Incline the beaker until the liquid has almost reached the lip.

3. Touch the center of the glass rod to the lip of the beaker and the end of the rod to
the side of the container into which you wish to pour the liquid.

4. Continue the inclination of the beaker until the liquid touches the glass rod and flows.
down it into the second container. The glass rod enables you to pour the liquid from the beaker
slowly enough that the solid is not carried along and also prevents the liquid from running back
along the outside of the beaker from which it is being poured.

Washing

The objective of washing is to remove the excess liquid phase and any soluble
impurities which may be present in the precipitate. Use a solvent which is miscibie with the
liquid phase but does not dissolve an appreciable amount of the precipitate.
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Solids can be washed in the beaker after decantation of the supernatant-iquid phase.
Add a small amount of the wash liquid and thoroughly mix it with the precipitate. Allow the solid
to settle. Decant the wash liquid through the fiter. Allow the precipitate to settle, with the beaker
tiied slightly so that the solid accumulates in the comner of the beaker under the spout (Fig.F-
16). Repeat this procedure several times.

FIGURE F-16
FIGURE F-17 W
Matchoox or
similg t \
1ML suppor Precipitote settles in
corner uncer the lip U

F-16 Supporting @ beaker in a tifted position F-17 Stirring rod wi
2 ith

to aliow the precipitate to settle prior to rubber policema

decantation. "

< Stream of woter -

from wosh bot te

FIQURE F-18

Lip of beagher 210 3cm

(o) (2)

(a) Filtration by decantation. (b) Transfer of last portions of
precipitate.

Several washings with the small volumes of liquid are more effective in removing soluble
contaminants than a single washing using the total volume.

Transfer of the Precipitate

Remove the bulk of the precipitate from the beaker to the fiter by using a stream of
wash liquid from a wash bottie. Use the stirring rod (Fig.F-17) todirect the flow of liquid into the
fiteting medium. The last traces of precipitate are removed fiom the walls of the beaker by
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scrubbing the surfaces with a rubber policeman attached to the stirring rod. All solids collected
are added to the main portion in the filter paper (Fig.F-18). if the precipitate is to be ignited, use
small fragments of ashless paper to scrub the sides of the beakers; then add these fragments
to the bulk of the precipitate in the fiiter with the collected solid.

Aging and Digestion of Precipitates

Freshly formed precipitates are left in contact with the supernatant for a period of time
and are aged. There are frequently changes in the surface: a decrease in the total surface area
or removal of strained and imperfect regions. Both effects are due to recrystaliization because
small particles tend to be more soluble than large ones, and ions located in impeifect and
stdnedredommbsshhﬂyheﬂﬂmnomdandﬁdmebndtomﬂmbhesohﬁonﬁn
aging they are deposited again in more perfect fashion. These changes cause a beneficial
decrease in adsorbed foreign ions and more fiterable but also a purer precipitate.

Increasing the temperature greatly enhances digestion. Théprecipiate'skeplh
contact with the supematant at a temperature near bolling for a period of time. Flocculated
colioids usually undergo rapid aging, particularly on digestion, and a major portion of the
adsorbed contaminants may often be removed.

Vacuum fiitration

A typical setup for canying out a vacuum filtration is shown in Fig. F-19. The funnel or
crucible s fitted to a suction flask. The side arm of the flask is connected to a source of vacuum
such as a water aspirator. A trap botfle is inserted between the flask and the source of
vacuum. When the vacuum is tumed on, the pressure difference between the fiter medium
andaunospherehelpstospeedupméﬂlmﬁonmows.

CAUTION

1. Wear glasses when the assembly is under reduced pressure.

2. Be careful that the liquid level or "safety frap” bottle is never as high as the inlet tubes.

Vacuum fillration is advantageous when the precipitate is crystaline. It shouid not be
employed for gelatinous precipitates because the added pressure forces the particles inot the
pores of the fiter medium, clogging them so much that nol liquid can pass through.

Vacuum filtration can be used with fiter paperas well as with the various crucibles. The
common conical funnel paper is easily ruptured at the apex of the cone when under the added
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stress of the vacuum. To strenght tthe cone at the apex, a small metal liner is often inseried
(see Flg F~20), FIGURE F-19

FIGURE F-20

=

, Al Bochner funnel N7
Wire qauze
Te Thick-walled L —Rubber stopper

woter , tubing ))-0
Filter flask

ospirator ¥
o1 (thick woll)

Trop bottle
_ Bush . uze fun-
i Bomplat fHitrati using a F-20 Wire-ga

funnel.

Buchner funneis are often used for vacuum fitrations. They are not conical in shape
but have a fiat, perforated bottom. A filter-paper circle of a diameter sufficient to cover the
perforation is placed on the flat bottom, moinsted, and tightly sealed against the bottom by
applying a slight vacuum.

When a buchner funnel is used, the precipitate is allowed to seftie and the liquid phase
is first decanted by pouring down a stirfing rod aimed at the center of the fiter paper, applying
only a light vacuum until sufficient solid has built up over the paper to protect from breaking.
The vacuum is then increased and remainder of the precipitate is added.

The precipitate ccan be washed by adding small amounts of wash liquid over the
surface of the precipitate, allowing the fiquid to be drawn through the solid slowly with the
vacuum. Precipitation cannot be dried or ignited and weighed in buchner funneis.

Buchner funnels are not applicable for gravimetric analysis because they do permit
rapid fitration of large amounts of cristallyne precipitates. They are extremly useful in synthetic
works, however. Precipitates can be air-dried by following them to stand in the funnel and
drawing a current of air from the room through the precipitate with the vacuum pump or water
aspirator, Wash the last traces of water from precipitates with a suitable water-miscibie, volatile
solvent.

Sintered-glass Crucibles

Glass crucibles employ fitted-glass disks sealed permanently into the bottom and are
available in a variety of porosities. With care they can be used for quantitative analyses
requiring ignition o a temperature as high as 500°C.
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Wire-gauze Conical Funnel

When a buchner funnel and filter flask are not availlable, The apparatus can be
constructed and used for vacuum filtration. A small piece of wire gauze is bent into the form of
a cone that fits into the funnel (Fig.F-20). The fiter paper is then wetted and pressed against
the side of the funnel to make a good seal with the glass. it may be necessary to use a double
thickness of filter paper to prevent tearing. Wrap the flask with a towel before applying vacuum.

Porous Porcelain and Monroe Crucibles

Porcelain crucibles have porous ceramic disks permanently sealed in the bottom. They
are used fike sintered-glass crucibles, except they may be ignited at extremely high
temperatures. Thé monroe crucible is made of platinum, with a burnished platinum mat serving
as the filter medium. Advantages of these crucibles are:

1. Their high degree of chemical inertness

2. Their ability to withstand extremely high ignition temperatures

The Gooch Crucible

The gooch crucible is a porcelain thimble with a perforated base. The fitering medium
is either a mat of asbestos or a fiber-glass paper disk. They are prepared by pouring a slurry of
asbestos fiber suspended in water.

Asbestos mats permit precipitates to be quantitatively ignited to extremely high temperatures
without danger of reduction by carbon. With fiber-glass mats, ignition temperatures above
500°C are not possible. Both filtter media are resistant to attack by most chemicals.

The filter media used in these crucibles are quite fragile. Exercise care when adding the
liquid, so that the asbestos or gless paper will not be disturbed or broken, allowing the
precipitate to pass through. Use a small, perforated porcelain disk over the asbestos mat or
glass paper to deflect any stream of liguid poured into the crucible

The Hirsch Funnel and Other Funnels ‘

Hirsch funnels (Fig.F-21) are usually made of porcelain. The inside bottom of the funnel is a
plate with holes in it which supports the filter paper. Buchner and Hirsch funnels can also be
obtained in glass with sintered-glass disks. Other funnels are the Witt and filter nail (See Fig F-
22).
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FIGURE F-22 ’k_
Uty 4 -
\ 5 & 7

/ witt ] Hirsch : Fitter
plote L funne! N nail

L)

F-21 Suction filtration F-22 The Hirsch and other funnels
with a Hirsch fi l. for collecting small quantities of

solids.
FIGURE F-23

Method for transferring a \
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A rubber ring forms the seal between the funnel and the fitter flask, which is connected
to the vacuum line or to the aspirator. (A rubber stopper or cork can also be used instead of
the rubber ring to fit the funnel to the filter flask).

Filtration and Ignition

Preparation of Crucibles »

All crucibles emplloyed in converting a precipitate into a form suitable for weighing must
maintain a substantially constant weight throughout the drying or ignition process; you must
demonstrate that this condition applies before you start.

1. Inspect each crucible for defects, especially where the crucible has previously been
subjected to high temperatures.

2. Place the porcelain crucible upright on hard surface and gently tap with a pencil.
You shauld hear a clear ringing tone indicating an intact crucible. A dull sound is characteristic
of one tthat cracked and should be discarded.

3. Clean the crucible throughly. Filtering crucibles are conveniently cleaned by
backwashing with suction.

4. Bring the crucible to constant weight, using the same heating cycle as will be
required for the precipitate. Agreement within 0.2 mg between consecutive weighings is
considered as constant weight.
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Preparation of a Filter Paper

Fold a filter paper and seat it in a funnel. Fold exactly in half, Then make the second
fold that the comers fall to coincide for about 1/8 in. in dimension. Tear off a small triangular
sectionn from the short comer to permit a better seating of the fiter in the funnel. Open the
paper so that a cone is formed and then seat it gently in the funnel with the aid of water from
wash botlle. There should be no leakage of air between paper and funnel, and stem of the
funnel should be filed with an unbroken column of liquid, a condition that markedly increases
the rate of filtration.

Transfer of Paper and Precipitate to Crucible

When fitration and washing are completed, transfer the fiter paper and its contents
from the funnel to a tared crucible (Fig.F-23). Use considerablecare in peiforming this
operation. The danger of tearing can be reduced considerably if partial drying occurs prior to
transfer from the funnel. First, flatten the conne along its upper edge; then fold the comers
inward. Next, fold the top over. Finally, ease the paper and contents into the crucible so that the
bulk of the precipitate is near the bottom.

Ashing of a Filter Paper

if a heat lamp is available, place the crucible on a clean, nonreactive surface; an
asbestos pad covered with a layer of aluminium foi is safisfactory. Then position the lamp
about 1/2 in. from the top of the crucible and tum it on. Charring of the paper will take place
without further intervention; the process is considerably accelerated if the paper can be
moistened with no more than one drop of strong ammonium nitrate solution. Removai of
remaining carbon is accomplished with a burner.

Considerably more attention must be paid the process when a bumer is employed to
ash a filter paper. Since the burner can produce much higher temperatures, the danger exists
of expeling moisture so rapidly in the initial stages of heating that mechanical loss of the
precipitate occurs. A similar possibility arises if the paper is allowed to flame. Finally, as long as
carbon is present, there is also the possibility of chemical reduction of the precipitate; this is a
serious problem where reoxidation following ashing of the paper is not convenient.

In order to minimize these difficulties, the crucible is placed as illustrated in Fig. F-24.
The fited position of the crucible allows for the ready access of air. A clean crucible cover
should be located nearby, ready for use if necessary.
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FIGURE F-24
jon of a precipitat,
with access to air.

NOTE: Aways place the hot cover or crucible on a wire gauze-never directly on the
desk top. The cold surface may crack the crucibles, and dirt, paint, etc., are easily fused into
the porcelain, thus changing the weight.

Heating is then commenced with a small burner flame. This is gradually increased as
moisture is evolvedand the paper begins to char. The smoke that is given off sefves as a guide
to the intensity of heating that can be safely tolerated. Normally it will appear to come off in thin
wisps. if the volume of smoke emitted increases rapidly, the bumer should be removed
temporarily, this condition indicates that the paper is about to flash. If, despite precautions, a
flame does appear, it should be snuffed out immediately with the'crucible cover. (The cover
may become discolored owing to the condensation of carbonaceous products; these must
ulimately be removed by ignition so that the absence of entrained particles of precipitate can
be confirmed.) Finally, when no further smoking can be detected, the residual carbon' is
removed by gradually lowering the crucible into the full flame of the bumer. Strong heating, as
necessary, can then undertaken. Care must be exercised to avoid heating the crucible in the
reducing portion of the flame.

Summary

1. Oxidize the paper compietely to CO, and H,0.

2. Arrange the crucible according to Fig.F-24.

3. Increase the temperature slowly until all black carbon residue is bumed away.

4. Position the burner so that the reducing gases of the flame are not defiected into the
crucible.

5. Reposition the crucible to expose fresh portions to the highest temperature of the

burner.
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8. Final ignition convers the precipilate o the anhydious oxide: (@) Remove the
crucible cover. (b) lgnite at red heat for 30 minwith a fisher, meeker, or other high-temperature
bumer, or a muffie fumace.

7. The foregoing procedure must precede the final ignition.

Platinum

Platinum is useful in crucibles for specidlized purposes. The chemicallyvaluable
porpertiesof this soft, dens metal include its resistance to attack by most mineral acids.
including hydrofiuoric acid; its inertness with respect to many molten salts; its resistance to
oxidation, even at elevated temperatures; and its very high melfing point With respect to
limitations, platinum i readily dissolved on coniact with aqua regia and mixtures of chiorides
and oxidizing agents generally. At elevated temperatures, it is also dissolved by fused alkali
oxides, peroxides. and to some extent hydroxides. When heated strongly, it readily alloys with
such metals as gold, siver, copper, bismuth, lead, and zinc. Because of this predilection
toward alloy formation, contact between heated platinum and other metals or their readiy
reduced oxides must be avoided. Slow solution of platinum accompanies contact with fused
nitrates, cyanides, alkali, and alkaline-earth chiorides at temperatures above 1000°C; bisulfates
attack the metal slightly at temperatures above 700°C. Surface changes result from contact
with amimonia, chlorine, and volatile chlorides, sulfur dioxide, and gases possessing a high
percentage of carbon. At red heat, platinum is readily attacked by arsenic, antimony, and
phosphorus, the metal being embrittled as consequence. A similar effect occurs upon high-
temperature contact with selenium, tellurium, and to a lesser extent, sulfur and carbon. Finaily,
when heated in air for prolonged periods at tepmeratures greater than 1500°C, a significant
loss in weight due o volatilization of the metal must be expected.

Rutes Governing the Use of Platinumware

1. Use platinum equipment only in those application which will not affect the metal
Where the nature of the sistem is in doubt, demonstrate the absence of potentially damaging
components before commiiting platinumware to use.

2. Avoid violent changes in temperature; deformation of a platinum container can resuit
if its contents expand upon cooling.
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3. Supports made of clean, unglazed ceramic materials, fused sifica, or platinum itself
may be safely used in contact with incandescent platinum; tongs of nichrome or stainless steel
may be employed only after the platinum has cooled below the point of incandescence.

4. Clean platinumware with an appropriate chemical agent immediately following use;
recommended cleaning agents are hot chromic acid solution for removal of organic materials,
boiling hydrochloric acid for removal of carbonates and basic oxides, and fused potassium
bisulfate for the removal of siica, metals, and their oxides. A bright surface should be
maintained by burnishing with sea sand.

5. Avoid heating platinum under reducing conditions, particularly in the presence of
carbon. Specifically, (a) do not allow the reducing portion of the burmner flame to contact a

platinum surface, and (b) char filter papers under the milded possible heating conditions and
with free access of air.

PURIFICATION OF SOLIDS BY RECRYSTALLIZATION

Solids are purified by recrystallization by dissolving them in hot solvents, fitering the
solution, and then allowing the crystalks to form in the filtrate, with the impurities remaining in
solution.

Use crystallizing procedures fo purfy substances from soluble impurities and
decolorize off-colored subsiances. Suitable solvents should:

« Not react with the compound

» [orm desirable well-formed crystals

e Be easily removed from the purified crystals

¢ Have high solvency for the substance at high temperatures and low solvency for
substance at low temperatures

= Have high solvency for impurities
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Common Soivents

Water-soluble Solvents
Boiling point, °C
Acetone 56.5
Methanol 64.7
95% ethanol 781
Water 100
Water-insoluble Solvents
Boiling point, °C
Diethyl ether 346
Petroleum ether 40-60
Chloroform 61.2
Ligroin 65-75
Carbon tetrachloride 76.7
Benzene 80.1
Solvents Pairs

Miscible solvents of different solvent power yield a mixture which gives a usable solvent
system.

Examples: Benzene-ligroin
Ether-acetone
Acetone-water
Ethanol-water
Methanol-water
Ether-petroleum ether

Decolonzing Substances

To remove colored contaminants, use finely powdered decolorizing charcoal, such as
Norit, which adsorbs the contaminants. Soluble contaminants, not adsoibed, remain in
solution in the mother-liquor filtrate (Fig.F-25).
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FIGURE F-25
Recrystailization (decolor-

jon fiitration) experi
tsl setup. -

-

L —

PROCEDURE:1. Select the most desirable soivent, refer to solubility tables.
2. Place the solid substance in a suitably sized flask.
3. Add a determined volume of solvent {maximum two-thirds volume of vessel)
and a few boiling stones.
NOTE: Add decolorizing carbon, 1 percent by weight of solid, if needed.
4. Boil unti all solid has dissolved.
5. Filter as quickly as possible through a fluted fitter in the funnel.
NOTE: Warm the fitter funnel to prevent crystalfization of hot fitrate in the funnel.

CAUTION
Observe all fire-hazard cautions because of volatile fumes.
6. Collect the filtrate in a beaker or fiask; allow it to stand and cool. (a) Cool or
chill rapidly in a cooling bath for small crystals. (b) Cool slowly to get large crystals.
7. Fitter the crystals from the mother liquor in a gravity or suction filter. Further
crystals can be obtained by evaporation and concentration of the mother liquor.
CAUTION
These crystals may be impure compared with the first crystallization.
8. Dry the crystals in a warm oven.
CAUTION
Be careful that the temperature of the oven is not excessive.

Problems Encountered

The solid sometimes fails to crystallize, and remains as an off in the mother liquor. To induce
crystalization:
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1. Sciatch the oil against the side of the beaker with a glass stirfing rod.
2." Seed" the oil with some of the original material, finely powdered.

3. Cool the solution in a freezing mixture.

4. Add crumbs of dry ice.

5. Let stand for a long period.

CONSTANT-TEMPERATURE BATHS

PRINCIPLE
Investigations that require the maintenance of constant temperature for a procedure
use constant-temperature baths (Fig.F-26).

FIGURE F.26 Thermorequintar
Constant-temperature bath. Erectric

Retay bex

Thermome ter

APPARATUS AND PURPOSE

1. A sufficiently large glass or metal container is the bath.

2. Copper tubing through which cold water circulates, as required, is the cooling
component.

3. Electric stirrers or circulating pumps give equalized heat distribution.

4. A thermoregulator permits temperature control to about 0.02°C.

5. The electric heater, activated by the thermoregulator, heats the solution as required.

6. A thermometer reads the temperature.

7. The temperature range is -5 to 70°C.

8. Oil is substituted for water for temperatures to 250°C.
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COOLING BATHS

Various cooling baths for various laboratory operations requiring cold may be prepared
as in Table F-3.

Thermos flasks or foam-insulated containers minimize heat fransfer for maximum
retention of cooling bath.

TABLE F-3
Temperature range Components
Oto5°C Finely crushed ice-water slush
-5°Ct0-15°C Finely crushed ice, 3 parts
Sodium chloride, 1 part
-10° to -20°C Ammonium chioride, 1 part
Sodium nitrate, 1 part
ice, 1 part
-35° to -50°C Finely crushed ice, 1 part
CaClx6H,0, 1 part
-72°C Dry ice (COy) in ethanol
Dry ice (CO,) in acetone
CAUTION

Dry ice is dangerous. Handle with care! Do not handle with bare hands or fingers. it will
cause severe cold burns.

DRYING ORGANIC LIQUIDS

Water can be removed from organic liquids and solutions by treating the liquids with a
suitable drying agent to remove the water.
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CAUTION
Select the drying agent which will not react with the compound or cause the compound to
undergo any reaction but will only remove the water.

Classification

1. Those which form compounds with water of hydration (the hydrates can be
regenerated to the anhydrous form by suitable heating to remove the water): Na;CO;, Na,S0,,
anhydrous CaCl, ZnCl, NaOH, CaSQ,, H,S0, (95 percent), sllica gel, CaQ. -

NOTE:Traces of acid residuals in wet organic-iquid reaction products are removed
simultaneously with the water when basic drying agents are used: Na,CO,;, NaOH, Ca(OH),.

2. Those which form new compounds by chemical reaction with water: metallic
sodium, calcium carbide, phosphorus pentoxide.

CAUTION
These are extremely reactive and most efficient. Handle with care. They react with water to give
sodium hydroxide, calcium hydroxide, and phosphoric acid, respectively.

Do not use where either the drying agent itself or the product that it forms will react with
the compound or cause the compound itself to undergo reaction or rearrangement.
Use to diy saturated hydrocarbons, aromatic hydrocarbons, ethers.

CAUTION
The above compounds should not have functional groups such as OH and -COOH which will
react with the drying agent.

Do not dry alcohols with metaliic sodium. Do not dry acids with NaOH or other basic
drying agents. Do not dry amines (or basic compounds) with acidic drying agents.

PROCEDURE
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1. Pour the organic liquid into a flask which can be stoppered. Add small portions of
the drying agent, shaking the flask throughly after each addition. Add as much drying agent as
is required.

2. Allow to stand overnight or for predetermined fime.

3. Fiiter the solid hydrate from the liquid with a filter funnel and fiter paper.

BOILING POINT OF LIQUIDS

PRINCIPLE
The boliing point of a liquid is the temperature at which the vapor pressureequals the
pressure of the atmosphere on the surface of the liquid. (Refer to procedures: distillation of

pure fiquids)

EXPERIMENTAL SETUP
Ringstand, clamps, thermometer, bumer.

PROCEDURE

1. Clamp a test tube containing 2 to 3 ml of the compound on a stand.

2. Suspend a thermometer with the bulb of the thermometer1 in. above the liquid
surface.

3. Apply heat gently until the condensation ring of the boiling liquid is 1 in. above the
bulb of the thermometer.

4. Record the temperature when reading is constant

Fig. F-27
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(a) Pumps rated (free-air displacement) 25 to 130 liters/min. (b) Pumps rated (free-air
displacement) 300 to 1,500 liters/min.

FIGURE F-20
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SIMPLE DISTILATION

Distillation i used to purify fiquids and to separate one liquid from another. it is based
on the difference in the physical properly of liquids called volatiity. Volatility is a general term
used to describe the relative ease with which the molecules may escape from the surface of &
pure liquid or a pure solid. The vapor pressure of a substance at a given temperature
expresses this property.

1. A volatile substance is one which exerts a relatively high pressure at room
temperature.

2. A nonvolatile substance is one which exerts a low vapor pressure.

The mote volatile the substance, the greater its vapor pressure and the lower its bolling
opoint. The less volatile a substance, the less its vapor pressure and the higher its boiing point.

Distillation s a process in which the liquid vaporized, recondensed, and collected in a
receiver. The liquid which has not vaporized is called the residue. The condened liquid, the

condened vapor, is called the condensate or distiliate.

An experimental setup for simple distillation is shcwn in Figs.F-31 and F-32.

FIGURE F-31

Distillation, simple

atmospheric pressure.
l"/ Trecmome ter

ﬂ/ Rubber tubing

oy
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EQUIPEMENT

The glass equipementmay be standard and require corks or may be ground-glass
fitted joints.

POINTERS

1. The distiling flask should contain twice the volume of the liquid to be distilled.

2. The thermometer bulb shouid be slightly below the side-armm opening of the flask.

3. All glass-to-glass or glass-fo-cork connections should be firm and tight.

4. The flask, condenser, and receiver should be_ clamped independently in their proper
relative position on a steady base.

5. The upper outlet for yhe cooling exiting from condenser can point upward to keep
the condenser full of water.

FIGURE F-32 Congenser
Protecting the distillate Swle,

from atmospheric moisture. sl \\4“5'"
—— Gloss-wool Giass-woo!
N piug plug
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PROCEDURE

1.Pour the liwuid into the distiling flask with a funnef which extends below the side arm.

2. Add a few boiling stones to prevent bumping.

3. Insert the thermometer.

4. Open the water valve for candenser cooling.

5. Heat the distiling flask until boiing begins; adjust the heat input so that the rate of
distillate is a steady 2 to 3 drops per second.

6. Continue distillation until only a small residue remains. Do not distill to dryness.

7. Collect the distillate in the receiver.

Distillation of Pure Liguids
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FIGURE F-34
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The expeiimeantal setup for pureliquids is the same as that shown in Fige.F-31 and F-

1. The composition of the condensate is necessarily the same as the original liquid and
is the same as the residue.

2. The composition does not change.

3. The bailing temperature remains constant throughout the distillation.

4. Distillation establishes only the purity of the pure liquid and the boiling point.

Distillation of a Solution '

This process effects the separation of the nonvolatiledissolved solids because they
remain in the residue and the volatile liquid is distiled, condensed, and collected.

1. The temperature of the distiling liquid is constant throughout the distillate because it
is pure.

2. The temperature of the boiing solution increases gradually throughout the
distifation. The boiling solution becomes satured with the nonvolatile solids.

AZEOTROPIC DISTILLATION

Azeotropic mixtures distill at constant temperature without channge in composition.

NOTE: You cannot separate azeotropic midures by normal distillation methods.

EXAMPLES
95.5 percent ethyl aicohol (boiing point 78.1°C) composed of 95.5 percent by weight ethvi
alcohal (boiling point 78.4"C} and 4.5 percent water (boiling point 100°C)

Mixture of 32.4 percent ethyi aicohol and 67.6 percent benzene (bailing point 80.1°C)-
boils &t 68.2°C

Ternary azeotrope (baolling point 64.9°C) composed of 74.1 percent benzene, 18.5
percent ethyl alcohal, and 7 4 percent water
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USES
Absolute ethyl alcchal can be oblained by distifing azeotropic 95.5 percent ethyl alcohol with
benzene. The water is removed in the volatile azeotrope formed.

The procedure is the same as that desciibed above under Distillation of Pure Liquids.

VACUUM DISTILLATION

PRINCIPLE

Many substances cannot be distiled satisfactorily at almospheric pressure because
they are senzitive to heat and decompose before the boiling point is reached. Distillation under
reduced pressure, vacuum distiliation, makes it possible to distil at much lower temperatures.
The boiling point of the material is affected by the pressure in the system. The lower the
pressure the lower the boiling point. The higher the pressure the higher the boiing point.

CAUTION

Glass equipment under reduced pressure may coliapse. Use safety glasses and a safety
shield.

The expetimental setup is shown in Fig.F-36.

ﬂ

l¢ —— Thermometer

To pump
—_—

~—Rubber stopper

Rudber
fubing

F-37 Dry-ice vapor trap.

FIGURE F-36

Vacuum distiliation with
gas-caplillary bubbler.
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GENERAL REQUIREMENTS

1. A source of vacuum, Efficient water pumps, aspirators, will theoretically reduce the
pressure in the system to the vapor pressure of the water passing through the pump. In
practice, the pressure is ussually about 10mm higher. (a) Oil mechanical vacuum pumps. (b)
Use “"pressure” rubber tubing. (c) The entire distilation system should be airtight, free from
leaks. (d) Lubricate all joints and connections.

2. Safety trap to protect manometer and vacuum source from overflow-iquid
contamination (Fig.F-37)

3. Pressure gauge (manometer, Fig.F-38). Exercise great care when alllowing air into
the evacuated system. it must be done slowly to avoid breakage when the mercury columii
rises to the top of closed tube.

4. Manostat (pressure regulator). To maintain constant pressure in the system, it
automatically opens and closed needle valves, permitting air to enter or keeping the system
airtight because of vacuum variations.

5. Capillary air inlet (Fig.F-39).

FIGURE F-39 Water ——
FIGURE F-40 To air, vocuum, or
drying tube
Voives
Joint for s
immersion
thermometer
Drop-counting i
> % stopcock :
/ ‘;
i
|
l Connection to
Connection to column seceiving; fiosk
»
Woter
F-39 Capillary air- or gas- F-40 Partial-takeoff distillation head.

inlet tube. I
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6. Special vacuum distillary flasks to minimize contamination of distillate because of
boiling-solution frothing.

7.Heating baths, electric manties and fusible alloy or sand baths.

8. Special distiling heads (Fig.F-40) to permit removal of distillate fractions without
interrupting the distillation.

Assemblies for Simple Vacuum Distillation and Fractionation

A ciaisen flask for use in this process is shown in Fig.F-41.

FIGURE F-41 1
FIGURE F-42
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\'..
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To vocuum 1’
\
" |
~. F-41 Clalsen flask. o sink F-42 Claisen fractionating
column.

PROCEDURE
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