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[SCI292, Recycling, Recovery, Re-use, Remediation] 

 
[Spring 2018] 

 
IN CASE OF AN INCIDENT OR ACCIDENT IN THE LAB: 
 
a. Notify Instructor 
b. When instructor is not present (or unable to respond) Notify Laboratory Head Sandra 
c. When neither the instructor nor Laboratory Supervisor Sandra is available call:  

     (9)7 7 7 
IN CASE OF A FIRE/EXPLOSION: 
 
1. Notify instructor if possible or/and push the fire alarm button 

2. Call:     (9)7 7 7 
 
3. Try to extinguish beginning fires (training provided) 
4. If necessary shut down electricity using big red knob on the left side of the door 
5. Close doors and windows 
6. Use escape route (do not use elevators) 
7. Gather at designated meeting point outside the HZ building (ATRIUM) 
 
IN CASE OF A BOMB-ALARM 
 
If you receive a call of a bomb being in the building, directly connect the caller 
through to 

     (9)7 7 7 
IN CASE THE SIREN SOUNDS: 
 
Gather outside at the ATRIUM 
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Classroom no:  HZ The practical will take place on Wednesdays at Hogeschool 
Zeeland, Edisonweg 4, 4382 NW Vlissingen. Telephone: 0118 – 489000. For 
directions to Hogeschool Zeeland go to www.hz.nl. 
 
Class times: Indicated dates on Wednesday (usually from 9:00 - 17:00). Some 
subsampling (very limited) may have to take place another day, perhaps at UCR 

 
Instructor: dr. R(enata) van der Weijden. (dr. L(eon) van den Broeke) 
Email: r.vanderweijden@ucr.nl;  
(do NOT use for handing in assignments!, unless specifically asked) 
 
Tel: 0118-655523 /0624443325 (R van der Weijden) 
Office no. & location: Eleanor second floor office 2.02 
Office hours: After appointment by email  
 
I. Track information 

a) You need to have had 2-3 years of chemistry in high school. Computer skills using Excel, 
Word (and SPSS) are highly desirable for data analysis and writing lab reports. 

b) It is highly recommended to have taken the SCI191 lab course prior to this course. 
c) Other courses which are relevant to this course – e.g. as part of a minor: 

Science courses like ecology, chemistry, earth science. 
 
II. Course description 
 
The plan for the complete Science Laboratory track is:   
SCI191(a or b) ! SCI291 (R4 ) ! SCI 391 (environment/research) 
 
This second year lab course is designed for science students in chemistry and environmental 
science. The lab course builds somewhat on SCI191 regarding analysis methods such as AAS and 
UV-VIS spectroscopy. There is a central theme: recycling, recovering, remediation. The focus is 
mostly on metals that could end up in the environment. The course involves low temperature 
experiments. The topic for this semester will be electronic-waste and recovery. We will be 
dismantling electronics (computers mostly) and study as much as possible the metals present and 
estimate their quantities. We will be leaching (hydrometallurgy) metals from E-waste, determine the 
leachate composition, recover metals from the leachate and study the toxicity of leachate or solid 
E-waste components (could be plastic) in the lab using Daphnia. Recovery/removal of metals from 
aqueous waste streams will also be studied using precipitation, cementation, adsorption (and 
electrochemistry). Visual Minteq (or Geochemist Workbench) will be used to analyze data.  
 
Perhaps an excursion is included, but needs special permission from a company yet. 
 
Theoretical aspects: Leaching, Toxicity, Electrochemistry, Adsorption and Precipitation, (Bio geo) 
chemical Speciation Modelling, Resource Cycles. 
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III.  Study Load  
This course yields four credits (equivalent to 7.5 ECTS). The class meets on Wednesdays an 
entire day or half a day. Preparation time (reading) is approximately 4 hours per week.  
Reporting/processing data about 4 hours per week.  
 
IV. Course materials (folder in Moodle) 

a) Uploaded books  
b) Uploaded articles, and chapters throughout the course 
c) Description of assignments 

 
Other materials: 
You need to have or purchase safety glasses and a lab coat (either from instructors or from 
fellow students). You need a labjournal! (not loose sheets of paper!!), and a permanent black 
marker. Additionally you need to pay a contribution for using lab disposables. For this second 
year course, the contribution for materials apart from coat and glasses is 40 Euro. 
 
Payments can be made to: 
 
University College Roosevelt 
NL12 RABO 0335048315 
Mention SCI192 (lab materials) 
 
 
 
Download of free Visual Minteq: https://vminteq.lwr.kth.se/ 
Download of free GWB: https://student.gwb.com/ 
(OLI, which is the more sophisticated tool, is available at UCR) 
 
Safety information:  
Chemistry cards regarding safety of chemicals can be consulted on the following websites: 
www.acros.be or www.msds.com or http://www.mallbaker.com/Default.asp  (safety 
sheets) http://www.webelements.com (periodic table of elements) 
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V. Course organization 

 
INTRODUCTION at HZ Wednesday January 31st.  
(If you are new to lab courses, you need to join part of the SCI191 
introduction in the morning of January 31st at HZ for a labtour/firedrill, 
contact dr. vd Broeke or dr. vd Weijden) 

 
Half lab day at HZ: DATES: January 31st,Feb 28th, April 4th , (May 2nd) May 9th  
 
Full lab day HZ: DATES: February14th, March 14th, April 11th , April 25th  

 
Extra trip to HZ to take subsample leaching, check the toxicity results;  
Leaching: Wednesday Feb 21st. Toxicity: Thursday/Friday APRIL 11/12th 

  
Excursion days: February 28th(confirmed),  
Leave from UCR at 11:30 to HOBOKEN (exact time will still be  
communicated) 

     April 4th Leave with bus from UCR (time will be     
     communicated 

 February 28th 
10:30 Fetch UV from Autoverhuur Zuidwest (and navigation systems)Serooskerke 
11:30 Leave for Umicore.  
14:00 Guided tour E-waste processing 
+/-16:15 Leave for Middelburg 
+/-17:30 Drivers return UV to Auoverhuur Zuidwest 

 
 
             Example of lab day  
9:00 Setting up materials for the laboratory day in teams of 2 students 
9:45 Explanation (and Assessment)  
10:00-12:00 Setup experiments 
12:00-12:45 Lunch 
12:45-13:00 Discussion 
13:00-15:00 Experimental work 
15:00-15:15 Coffee break 
15:15-16:15 Continue working on experiment 
16:15-16:45 Discussion next session, make workplan with your (next) team partner 
16:45-16:55 Cleaning up 
17:00  Day over after OK instructors 
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Expectations 

 
Two students (each time) will stay to direct their fellow students to store materials and inspect 
if cleaning has been properly done after the lab session.  

 
Students can find most materials in the UCR cabinets or the boxes next to the cabinets. Should 
there not be enough glassware, then students can find more in the glass and materials storage 
room. Also, in the lab adjacent to the regular lab, heating plates, clamps, rods, labolifts, Büchner 
funnels etc. can be found. The chemicals can be found in the chemical storage room, or in the 
lab. The chemicals in the chemical storage room can be found via the computer database LIMS 
which is explained in the introductory session.  

 
Some rules: 

• This course is subject to UCR academic rules and procedures. Both students and 
instructors are required to know and follow these rules and procedures. 

• Always mark with a permanent black marker which chemicals are present in glassware 
or other containers.  

• If you weigh a component, do not return surplus to containers. And keep area and 
analytical balance clean! 

• If you need liquid of some sort from a container (bottle) always pour it into a beaker 
glass or plastic first and do not pipette from the bottle or container! 

• Cleaning up is mandatory! Students should ask permission to leave to the students in 
charge. Always check if: 

          -Chemicals and materials are placed back in the proper place 
          -Nothing is left by the sink, in the fumehood or around the analytical balances 
          -pH electrodes are stored in wet jackets and pipettes in their boxes 
          -That glass ware is rinsed (marker removed) and put back in the cabinets or to kitchen 
          -That chemical containers (flasks, boxes) are clean on the outside when placed back 
          -Spoons and other equipment of the RA cabinets needs to be placed back 

 
Procedure for missing/making up for a missed lab 
 
Always let the instructors know if you are not able to come. In case of emergency call dr. vd 
Weijden: 0624443325. Missing more than one lab session without valid reasons means you 
cannot pass. If you miss a lab session, you have to catch up. You cannot hand in a report for a 
lab session where you were not present! 
 
Students will not be allowed to leave the lab course early for exams (stats), 
lectures, seminars, RASA, UCR open days, soccer match, rowing match and the 
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like. Exceptions are mandatory excursions organized by other staff. Please let us 
know about this a.s.a.p.  
 
Being late: 
Being late more than three times for 30 minutes, will disqualify you from the course, unless you 
can present a note from a tutor or an instructor. 
 
Disabilities: 
Any student with a certifiable disability in addition to deafness or hard of hearing, or others 
who need special accommodations in this class, are invited to share their concerns or requests 
with the instructor as soon as possible, preferably during the first week of class. 
 
Procedures for communication, handing in assignments and use of workspaces 
 
All necessary reading and preparations material will be uploaded in Moodle 
Announcements will be made via Moodle (or in other cases workspaces) 
Any reports should be handed in in digital form (Word and Excel, not pdf!) to facilitate 
feedback.  
 
DO NOT SENT REPORTS TO INSTRUCTORS UCR EMAIL 
 
Document names should have the following format: ME(S)_Assignment number.*.  
For example: Dorothy_report1.doc or Vincent_report2.rtf or Daniel_report1.xls. 
 
Late homework (except for presentations etc., that require in-class contributions) will only be 
accepted up to 10 work days (max) after the initial date due. There can or will be a 3% penalty 
for the assignment, for each day the report is late. If you hand in the report in after those 10 
days, you will need permission of the instructor to submit the report for grading. Lab reports 
handed in after an extension date (after 8 days plus the additional days allowed by the 
instructor) will not be accepted and a score of Zero will be assigned. This is to protect students 
to fail the course by not handing reports. The previous part only applies if you carried out the 
lab practical, not if you missed it for legitimate reasons.  
 
Learning goals 
> Learn about chemical speciation, oxidation and reduction of metals 
> Learn about mobility of metals in the environment 
> Learn about toxicity of metals/slags 
> Learn about leaching procedures 
> Learn about recovery and recycling methods 
> Learn how to design an experiment (materials and methods) 
> Working safely and precisely  
>Develop observational skills 
>Develop reporting and presentation skills 
>Develop reviewing skills 
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>Become acquainted with reading and finding scientific literature 
 
 
Analytical instruments:               
Titrations 
Atomic Absorption Spectroscopy 
HPLC/IC 
Use of electrodes 
 
VI. Assessment  
 
Experience over the last 10 years indicates that students do not fail this course if they attend all 
sessions and hand in all homework. At least a C is within reach in that case.  
The student will be involved in the following activities that will be evaluated: 
1. Preparation 
2. Finding literature  
3. Laboratory performance 
4.        Oral explanations by students  
5.        Building portfolio (reports, datafiles, notes) 
6. Designing an experimental procedure for leaching tests and toxicity tests 
7. Using software to support data analysis (you will receive a computer account at HZ) 
8. Oral assessment at the end with both instructors (also using portfolio) 
 
 
 
 
Prepare for your lab session! 
 
TIPS/HINTS 
 
Preparation Laboratory Experiments 
 
1. Know the properties of the chemicals you will be working with. 
 

Consult Acros website MSDS (under Tech support) 
On left hand side in Search Center enter part of name/catalog: potassium chromate 
You will get a price list, but if you click on the chemical, you also see the properties 
Check out the safety issues. 

   
2. Think about how you can handle and dispose of the chemical safely. 
 
3. Find background information on the analytical technique you will be working with. 
 

For instance, when working with Flame Atomic Absorption, know what the principle is (absorption of 
light) the law to which your standards should adhere (Lambert Beer) etc. 

 
4. Study the basic chemistry in the experiment, the reactions and products. 
 
5. Calculate how solutions or mixtures (e.g. 10M NaOH) should be made from a solid. 
 
6. Make a dilution scheme for the standard solution series from a known stock solution. 
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7. Read through the experimental steps to see if there should be parallel actions taken and which 

materials/solutions need to be ready at which moment. 
 
8.           Study reading materials 
 
VII. Course schedule (in green italics is pending) 
 
Date  
Week 1 [Jan 
29] 
 
2-5 PM 

Kickoff meeting at HZ starting at 14:00.  Meet in the lab first.  
If you are new to the labcourses, send an email to r.vanderweijden@ucr.nl 
for a tour starting at 1 pm 

Week 3  
[Feb 14] 

Recovery metal parts, assessment of weight metal/item 
from computers and start leaching experiment.  
Send namelist of students to Umicore 
Recovery methods (if time allows). 

Week 4 
[Feb 21] 

Take subsample from leachate solutions , perhaps one student can come to HZ 
to do so for all teams.  

Week 5 
[Feb 28] 
11:30-17:30 

UMICORE excursion E-waste processing. Drivers need to be at UCR at 
10:30 to pick up vans in Serooskerke. Leave from UCR at 11:30. Drivers 
also need to bring back vans to Serooskerke. Dr vd Broeke is joining 
excursion as well as dr Resovsky. Bring ID or passport 

Week 7 
[March 14] 

Analysis of leachate solutions (AAS). Recovery of the metals.  

Week 8 
[April 4] 
START AT 10 
am 

Remediation of leachate solutions 
 (Growing Daphnia) 

Week 9 
[April 11] 

NO CLASS 

Week 11 
[April 25] 
 

Toxicity tests 

Week 11 
(April 26) 

Record results toxicity, perhaps take bottles to UCR and make observations 
there 

Week12 
[May 2nd] 
1-5 pm  

Option to repeat toxicity test/cleanup 

Week 13  
[May 9th ] 
1:30-5 pm 

Oral assessment portfolio 
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VIII. Assignments 
 
 
Assessment Due Assessment Type % of grade Portfolio?  

Feb 7h  Proposal leaching method  10 yes 

Feb 14th  Oral presentation leaching method (as a 
team) 

5 no 

Feb 14th  Leaching: answers (individual) 5 yes 

Feb 28th  Participation grade excursion (individual) 10  

March 14th  

April 4th  

Draft proposal for methods (2) 
remediaton methods of metals and 
motivation + method for analysis (AAS) 
for metals in leachate (as a team). Final 
proposal is due April 4th 

 

10 yes 

April 11th  Proposal for toxicity tests (as a team) 10 yes 

April 18th  Lab report + data file leaching (as a team)  

Lab report metal recovery and 
remediation (as a team) 

10 

10  

yes 

yes 

May 5th  Toxicity short scientific paper (individual) 10  yes 

May 9th  Oral assessment (individual, part of 
portfolio) and overall lab performance 

20  BRING 
PORTFOLIO 
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IX.  Explanation Grade Percentages. 

In The Netherlands at universities a percentage of 90% for a report is exceptional. The grading 
percentages in the USA are in general much higher. Those percentages are based on the GPA 
system. Therefore, GPA 4 = 92  - 100% = A. The grades given in this lab course should 
therefore be divided by 25 and compared to the GPA system that is internationally accepted.  

Grade	 Significance	 Quality	Points	
A	 Superior	 4.0	per	semester	credit	
A-	 Superior	 3.7	per	semester	credit	
B+	 Good	 3.3	per	semester	credit	
B	 Good	 3.0	per	semester	credit	
B-	 Good	 2.7	per	semester	credit	
C+	 Adequate	 2.3	per	semester	credit	
C	 Adequate	 2.0	per	semester	credit	
C-	 Adequate	 1.7	per	semester	credit	
D+	 Weak	but	passing	 1.3	per	semester	credit	
D	 Weak	but	passing	 1.0	per	semester	credit	
D-	 Weak	but	passing	 0.7	per	semester	credit	
F	 Failure	 0.0	or	nothing	
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X. Safety Rules at HZ 

B 
 
B1 
 
1 
 
 
 
 
2 
 
 
 
 
 
3 
 
 
 
 
 
 
 
 
4 
 
 
 
 
 
 
5 
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Gedragsregels voor de practica 
 
Algemene gedragsregels voor de practica 
 
Orde en netheid zijn noodzakelijk om veilig te 
kunnen werken. Ter controle hiervan worden bij 
toerbeurt per practicum één of meer studenten 
aangewezen als zaalwacht. 
      
Eten, drinken of roken is niet toegestaan in de 
praktijkruimten. Indien daartoe aanleiding 
bestaat, maar zeker bij het verlaten van het 
practicum, dienen de handen goed te worden 
gewassen. 
 
De student dient op de hoogte te zijn van de 
vluchtwegen waarlangs bij alarm het gebouw kan 
worden verlaten en van de plaats waar hij zich na 
ontruiming van het gebouw dient te melden voor 
het door de docent te houden appèl. De 
verzamelplaats is bij het zogenaamde ’plofhok’. 
 
 
Bij binnenkomst dient de student de presentielijst 
te tekenen. Het tijdelijk verlaten van de praktijk 
ruimte moet worden gemeld aan de docent of aan 
een medestudent. Na afloop van het practicum 
moet het labjournaal door de docent worden 
geparafeerd. 
 
Een goede voorbereiding van de student alvorens 
een proef uit te voeren is mede uit het oogpunt van 
veiligheid een vereiste. 
 
De student dient zich tevoren op de hoogte te 
stellen van de gevaren die verbonden zijn aan het 
uitvoeren van de proef; raadpleeg bij twijfel de 
docent. Een student wordt niet toegelaten tot de 
(bio)chemie practica in het tweede jaar wanneer 
hij/zij de veiligheidstoets uit het eerste jaar nog niet 

Rules of conduct for practicals 
 
General rules of conduct for the practicals 
 
Order and neatness are required to work safely. 
For each practical two students will be appointed 
labwatch to assist in keeping order and neatness. 
 
 
Smoking, drinking and eating is not allowed in the 
laboratory. Always wash hands before leaving the 
laboratory or when appropriate (e.g. chemicals on 
hands) 
 
 
The student needs to know the escape routes to 
leave the building in case of an alarm. Also, the 
gathering place where he needs to report after 
leaving the building needs to be known and fled to . 
The instructor or supervisor needs to do a 
headcount here. The gathering place is at the so-
called ‘plofhok’. 
 
At the start of a practical the student needs to sign 
the attendance list. When a student needs to 
temporarily leave the laboratory, he needs to report 
this to the instructor or the labwatch student.  At 
the end of the practical the lab journal needs to be 
signed by the instructor. 
 
For every experiment, a proper preparation of the 
students regarding safety and experimental 
procedure is mandatory. 
 
The student needs inform himself or herself about 
the potential dangers of a certain experiment. 
When in doubt always consult an instructor. 
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heeft gehaald. 
 
Geconstateerde defecten aan apparatuur dienen 
onmiddellijk te worden gemeld aan de docent of de 
technisch instructeur, opdat deze verholpen 
kunnen worden. 
 
Iedereen draagt bij het betreden van de 
praktijkruimten een bril, een gesloten 
laboratoriumjas en deugdelijk, gesloten schoeisel 
(dus geen naaldhakken of open 
schoenen); het dragen van een korte broek is om 
veiligheidsredenen niet toegestaan. 

 
Hoofddeksels en loshangen de kledingstukken als 
shawls en stropdassen zijn eveneens niet 
toegestaan; loshangend haar moet worden 
samengebonden. Kleding die gedragen wordt voor 
religieuze doelstellingen moet aan standaard 
veiligheidseisen voldoen (vraag instructors) 
 
 
Pipetteren mag uitsluitend geschieden m.b.v. een 
pipetteerhulp (pipetteerballon of automatische 
pipet). 
 
Voor het milieu gevaarlijk afval mag niet door de 
gootsteen worden weggespoeld, maar dient in de 
daarvoor bestemde afvalvaten te worden 
gedeponeerd. 
 
De student mag niet alleen of zonder toezicht in de 
praktijkruimten aanwezig zijn. 
 
De student is verplicht alle practica bij te wonen. Bij 
een geoorloofde afwezigheid (dit moet bekend zijn 
bij de  onderwijsadministratie) dient het practicum 
in overleg met de docent te worden ingehaald. 
 
 
Verslagen en rapporten dienen tijdig bij de docent 
te worden ingeleverd; de inleverdatum wordt 
tevoren per practicumblok afgesproken. Bij in 
gebreke blijven kan de toegang tot het practicum 
worden geweigerd. 
 
Voor alle practica (chemie, biochemie, biologie en 
natuurkunde) wordt één labjournaal gebruikt. 
 
Op aanwijzing van de docent wordt er bij elk 
practicum een zaalwacht aangesteld. De zaalwacht 
heeft de volgende taken: 

 
 
The student must report defects of apparatus 
immediately to the instructor.  
 
 
 
The student must wear safety glasses at all times 
in the laboratory and a buttoned up lab coat, proper 
shoes (no sandals, high heeled pumps etc.). It is 
not allowed to wear shorts or short skirts for safety 
reasons. Pants are preferred. 
 
 
No caps, hats, shawls or other should cover the 
head, yet loose long hair must be tied with an 
elastic, hairclip etc. Garments such as ties, shawls 
are prohibited. Clothing worn for religious purposes 
must adhere to standard safety rules (contact 
instructors). 
 
 
Pipetting of fluids may only be done by using the 
pipette balloon, not with the mouth!!! 
 
 
Waste that is hazardous for the environment may 
not be flushed down the sink but must be disposed 
of in the appropriate waste containers. 
 
 
The student may not stay in the laboratory without 
supervision of an instructor or assistant. 
 
The student may not skip a practical. When the 
student is absent for relevant reasons, he must 
report this to the administration of education and 
needs to contact the instructor on how to catch up 
with the practicals.  
 
The student needs to hand in the lab reports in 
time. If reports such as safety reports and reports 
on experimental procedures are not handed in in 
time, the instructor may deny the student entry to 
the lab. 
 
The use of a lab journal is mandatory 
 
 
The instructor appoints one or two students as lab 
watch. This student has the following tasks 
- Checks if the attendance list has been signed by 
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-  controleert of iedereen de in punt 4 genoemde 
presentielijst heeft getekend; 
- controleert of alle chemicaliën en/of materialen op 
hun plek zijn teruggezet; 
- controleert of gebruikte apparatuur is 
uitgeschakeld (ook op het drooglab); 
- controleert na afloop van het practicum of de 
tafels, gootstenen, weegtafels en zuurkasten 
opgeruimd en schoon zijn achtergelaten; 
De zaalwacht meldt zich na afloop van het 
practicum af bij de docent. 
 
Het is niet toegestaan laboratoriumjassen te 
voorzien van allerlei zinloze teksten, tekeningen 
e.d. 
 
Het gebruik van radio’s, walkmans, draagbare 
telefoons en andere aandachtafleidende 
apparatuur is in het laboratorium niet toegestaan. 

 

all students 
- Checks is all the chemicals have been put back 
into place 
- Checks if the used apparatus is turned off 
- Checks whether the lab counters, sinks, weighing 
tables and equipment and hoods are cleaned 
properly 
The lab watch reports to the instructor at the end of 
the practical 
 
 
 
Do not write on your lab coat or decorate it 
otherwise. You are allowed to put your name in the 
lab coat if it is your personal property. 
 
It is not allowed to carry or use walkmans, mobile 
phones or other distracting things in the laboratory 
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APPENDIX II: Other safety aspects 
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APPENDIX II: Checklist before leaving the laboratory 
 
 
Before you leave the laboratory: 
 
 

1. Erase marker writing from all glassware 
2. Clean and dry all glassware (do not waste drying paper) 
3. Glassware that cannot be cleaned properly should be brought to the washing room after 

rinsing 
4. Pipettes do not need to be dried, you can rinse them with water 
5. Put materials back into place (storage) 
6. Waste fluids should be disposed of in the proper container in the washing room 
 
      These containers have the following labels: 

 
Category I 
 
Acidic and neutral inorganic waste solutions 
Zure en neutrale anorganische afvalstoffen 
 
Category II 
 
Non-halogenic organic waste solutions 
Halogeen-arme organische afvalstoffen 
 
Category III 
 
Alkalic Inorganic waste solutions 
Alkalische anorganische afvalstoffen 
 
Category IV 
 
Halogen-rich organic waste solutions 
Halogeen-rijke organische afvalstoffen 
 

7. Clean laboratory counter  
8. Wash your hands before leaving the lab! 
9. Take your safety glasses and lab coat with you 
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 APPENDIX III: Acids and Bases 
 
 

Acids Molarity Percent S.G. 1M soln 

Acetic acid 
Mwt=60.05 17.4M 99% 1.05 58 mls / liter 

HCl 
Mwt=36.46 11.6M 36% 1.18 Use 86 mls / l 

Nitric acid 
Mwt=63.01 16.4M 69% 1.42 61 mls / l 

H2SO4 
Mwt=98.07 

17.6M 
36N 95% 1.84 56 mls / l(1M) 

28 mls / l (1N) 

Ammonia soln 
Mwt=35.05 

14.5M 
15N 28% 0.88 Use 71 mls / l (1M) 

Hydrobromic acid 9 N 48% 1.49 11.1 mls /l (1M) 

Hydrofluoric acid 
Mwt=20.01 27M 48% 1.29 37 mls /l (1M) 

Hydriodic acid 7M 57% 1.70 143 mls /l (1M) 

Perchloric acid 
Mwt=100.46 

11.7M 
9.5M 

70% 
61% 

1.71 
1.66 

85.5mls /l (1M) 
106 mls /l (1M) 

Phosphoric acid 
Mwt=97.99 

45N 
15M 88% 1.69 22.5 mls /l (1N) 

68 mls /l (1M) 
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APPENDIX VI: Nomenclature (ref: Northern Virginia Community College) 
 
 
INORGANIC NOMENCLATURE 
 
1. Introduction 
 
Chemistry is divided into two main branches: organic chemistry and inorganic chemistry.  
Organic chemistry is the study of carbon compounds, although some of these are included in the 
study of inorganic chemistry.  Among these compounds are carbon dioxide and its derivatives, 
the carbonates, cyanides, carbon monoxide, and carbon disulfide. 
 
Organic chemists deal with compounds which are relatively large.  The properties of these 
compounds depend on the spatial arrangement of the atoms within the molecules.  Therefore, the 
system of nomenclature used for organic chemistry must be detailed and complex. 
 
Inorganic compounds, on the other hand, are commonly named by simply specifying the 
proportions of the elements that make up the compound.  The two branches of chemistry have 
distinctly different but compatible systems of nomenclature, but the objective of both systems is 
to name each compound in such a way that the chemical identity of the specific compound is 
known with certainty. 
 
2. The IUPAC System of Inorganic Nomenclature 
 
In June of 1920, the International Union of Pure and Applied Chemistry was formed with the 
aim of this organization being the assurance of international agreement in nomenclature, 
chemical symbols, formulas, and other aspects of chemistry where communication among 
scientists requires complete uniformity.  The IUPAC holds meetings for this purpose every two 
years, rotating the site among member nations.  The system of nomenclature and formula writing 
used here is based on the IUPAC rules and recommendations as presently stated. 
 
A. Nomenclature of Cations 
 

Cations are formed when an atom loses one or more electrons.  These ions will have a 
positive electrical charge, and are normally formed from the atoms of metals. 
 
A cation, if present, is always listed first in both names and formulas of compounds.  These ions 
have the same name as the elements from which they are derived, without any alteration.  When 
writing the symbol of a cation, the number of electrons lost in its formation is indicated by a 
superscript Arabic numeral followed by a positive sign.  (For those ions formed by losing one 
electron, thus with a charge of positive one, the numeral 1 is commonly omitted.) 

Examples:   Na+  "en ay positive" 
Ca2+  "cee ay two positive" 
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Some elements, particularly those in the "d" block of the periodic table (transition elements) 
form more than one cation.  This is because the atom may, under different circumstances, lose a 
different number of electrons.  To name the cations of such an element, a system known as Stock 
notation is preferred.  A Roman numeral, representing the number of electrons lost and thus the 
positive charge on the ion, is placed in parentheses immediately following the name of the 
element. 
 
Examples:   Fe2+  iron(II)  "iron two" 

Fe3+  iron(III) "iron three" 
Cu1+  copper(I) 
Cu2+  copper(II) 
Hg2

2+  mercury(I) 
Hg2+  mercury(II) 

 
Note:  The mercury(I) cation consists of two mercury atoms 

covalently bonded together.  Each of these atoms has lost one 
electron so that the charge on the pair of 1+ ions is 2+. 

 
In the IUPAC system, it is considered inappropriate to use a Roman numeral in naming the ion 
of a metal that forms only one cation.  It is incorrect to omit the Roman numeral in the name of 
the ion of a metal that has more than one possible cation.  Therefore, to correctly apply the rules 
of this system, it is necessary to know which metals fall into each category.  The following 
relatively common metallic elements should not have a Roman numeral included as part of their 
names in as much as they have only one possible charge on their cations: 
 

The alkali metals and silver (all form 1+ cations) 
 The alkaline earths, zinc and cadmium (all form 2+ cations) 

Aluminum and scandium (form 3+ cations) 
For all other metals, the use of Roman numerals is appropriate. 

 
The NH4

+ cation, the ammonium ion, is a common inorganic cation.  It is derived from 
the compound NH3, ammonia, by the addition of a hydrogen ion to the NH3 molecule.  Because 
the chemistry of the NH4

+ ion somewhat resembles that of metal ions having a 1+ charge, it is 
given a name with the "ium" ending common to the Group 1 metals. 
 
B. Nomenclature of Simple Anions 
 

The nomenclature of all anions depends on alterations of the ending of the name of the 
main element to indicate the exact nature of the anion.  The simple anions are, for the most part, 
single atoms of the nonmetals which have gained one or more electrons.  The ending which 
indicates the single atom nature of an anion is -ide.  The elements which form this type of anion, 
the symbol and charge for the anion formed, and its name are given in the following table. 
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Table 1 - The Single Atom Anions 
 

 
      Element 

 
  Symbol for Anion 

 
    Name of Anion 

 
     fluorine 
     chlorine 
     bromine 
     iodine 
     oxygen 
     sulfur 
     selenium 
     tellurium 
     nitrogen 
     phosphorus 
     hydrogen 

 
         F- 
         Cl- 
         Br- 
         I- 
         O2- 
         S2- 
         Se2- 
         Te2- 
         N3- 
         P3- 
         H- 

 
      fluoride 
      chloride 
      bromide 
      iodide 
      oxide 
      sulfide 
      selenide 
      telluride 
      nitride 
      phosphide 
      hydride 

 
Other anions with names ending in ide: 
 

CN- cyanide (a carbon and nitrogen atom covalently bonded, one electron added  
to the pair of atoms.) 

OH- hydroxide (a hydrogen and an oxygen atom covalently bonded, one electron 
added to the pair of atoms.) 

O2
2- peroxide (two oxygen atoms covalently bonded, two electrons added to the 

bonded pair.) 
C2

2- carbide (two carbon atoms covalently bonded, two electrons added to the bonded 
pair.) 

 
The name of a binary compound formed from one or more cations and one or more single atom 
anions or cyanide, hydroxide, peroxide or carbide anions is simply the name of the cation 
followed by the name of the anion, separated by one space. 
 
Table 2 - Some Compounds Formed from Metals with Only One Ion Charge 
 

 
     Name 

 
     Formula 

 
     Name 

 
    Formula 

 
  sodium chloride 
  barium chloride 

 
     NaCl 
     BaCl2 

 
strontium hydroxide 
aluminum cyanide 

 
    Sr(OH)2 
    Al(CN)3 

 
Since the above compounds contain metallic ions of only one possible charge, a Roman numeral 
indicating the charge is not included as part of its name. 
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However, if the cation is formed from a metal which can form cations with different charges, 
and for which the ion charge must be included as part of its name, the charge on the cation in the 
particular compound being named must be determined from the formula and the charge on the 
anion.  Examples are discussed below. 
 
Table 3 - Some Compounds Formed from Metals with More Than One Possible Ion Charge 
 

 
                 Name 

 
              Formula 

 
          iron(II) iodidea 
          iron(III) iodideb 
         chromium(III) oxidec 

 
               FeI2 
               FeI3 
               Cr2O3 

 
a. The formula, FeI2, must represent a neutral compound, with no net charge.  The iodide 

ion has a 1- charge.  Two iodide ions represent a total of 2- charges.  To be electrically 
neutral the iron ion must have a charge of 2+.  This is the iron(II) cation. 

 
b. Three iodide ions represent a total negative charge of 3-.  For the formula, FeI3, to 

represent a neutral compound the iron cation must have a charge of 3+.  This is the 
iron(III) ion. 

 
c. The oxide ions represent a total negative charge of 6-.  Therefore, two chromium ions 
must have a total charge of 6+.  This means each chromium ion has a charge of 3+ in the 
compound, and is the chromium(III) ion. 
  
C. Binary Compounds of Two Non-metals 
For naming compounds containing two elements, both of which are nonmetals, the IUPAC 
system recommends the use of a series of prefixes to specify exactly how many atoms of each 
element there are in a molecule of the compound.  These prefixes and their numerical meanings 
are: 

1 - mono   5 - penta   8 -   octa 
2 - di    6 - hexa   9 -   nona 
3 - tri    7 - hepta   10 - deca 
4 – tetra 
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Table 4 - Nomenclature of Binary Compounds Using Numerical Prefixes 
 

 
           Name 

 
         

Formula 

 
          Name 

 
        Formula 

 
carbon monoxide 
sulfur trioxide 
tetraphosphorus hexaoxide 

 
CO 
SO3 
P4O6 

 
  carbon dioxide 
  dinitrogen pentaoxide 
  dibromine heptachloride 

 
          CO2 
          N2O5 
          Br2Cl7 

  
Note:  When there is only one atom of the first element in the compound, the prefix "mono" is 

not used. 
 
The IUPAC rules state that in the preferred system of nomenclature: 
a. Binary compounds of two nonmetals should be named using the system of numerical 
  prefixes. 
b. Numerical prefixes should not appear in the name of binary compounds of metals with 

nonmetals. 
c. The Stock system of using Roman numerals to indicate ion charges is not appropriate for 
  naming binary compounds of two nonmetals. 
 
D. Writing Formulas from Names for Binary Compounds 

When the name of a compound ends in ide, it can be assumed to be a binary compound 
  formed from: 

a.   one or more metal (or ammonium) cations and one or more single atom anions (or  
one of the exceptions noted before);  or, 

b.   two nonmetals. 
 
To correctly write a formula for a compound formed from a metal and non-metal given the name 
of the compound: 
A. The charges on both the cation and anion must be known. 

Cation charge:  If the name includes a Roman numeral, this numeral gives the 
number of positive charges on the cation.  If the name does not include a Roman 
numeral, the charge on the cation must be inferred from the position of the 
element in the periodic table or have been memorized. 
Anion charge:  The charge on the anion is never stated in the name of a 
compound, and therefore must be inferred from the position of the element in the 
periodic table, or have been memorized. 

B. The formula for a compound must be electrically neutral.  This means that the total 
number of positive (cation) charges must be exactly balanced by the total number of 
negative (anion) charges.  More than one cation and/or more than one anion may be 
necessary to balance these charges.  If so, the number of ions needed is indicated by a 
subscript written after the symbol for the ion. 
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Table 5 - Examples of Formulas from Names of Binary Metal/Nonmetal Compounds 
 

 
            Name 

 
           Cation 

 
           Anion 

 
    Formula 

 
       sodium chloride 

 
            Na+ 

 
           Cl- 

 
      NaCl 

 
(one 1+ ion and one 1- ion result in a neutral compound.) 
 
       iron(III) bromide 

 
            Fe3+ 

 
           Br- 

 
       FeBr3 

 
(one 3+ ion and the three 1- ions result in a neutral compound.) 
 
       silver sulfide 

 
            Ag+ 

 
           S2- 

 
           Ag2S 

 
 (two 1+ ions and 2- ion result in a neutral compound.) 
 
       calcium oxide 

 
            Ca2+ 

 
           O2- 

 
           CaO 

 
( one 2+ ion and one 2- ion result in a neutral compound.) 
 
      aluminum oxide 

 
           Al3+ 

 
            O2-           

 
           Al2O3 

 
(two 3+ ions and three 2- ions give a neutral compound.) 
 
      gold(III) cyanide 

 
           Au3+ 

 
            CN- 

 
     Au(CN)3 

 
(one 3+ ion and three 1- ions give a neutral compound.  The cyanide ion is enclosed in parentheses to 
indicate that three CN- ions, each consisting of one C and one N, are needed.) 
 
      ammonium sulfide 

 
          NH4

+ 
 
           S2- 

 
         (NH4)2S 

 
(two 1+ ions are needed to balance the one 2- charge.  Note that the ammonium ion is 
enclosed in parentheses to indicate that two multi-atom ions are required.) 

 
To write the formula for a binary compound composed of two nonmetals from its name in which 
numerical prefixes have been used, simply write the constituent elements in order given using 
subscripts to indicate the number of the atoms indicated by the prefix for each. 

 
 
E. Archaic System of Cation Nomenclature 
 
At the time Lavoisier and his fellow scientists proposed their system of naming compounds, 
none of the metallic elements had more than two known charge states.  Thus, they recommended 
that the two charge states be differentiated by adding the suffix ous to the Latin name for the 
element in the lower charge state, and the suffix ic to the Latin name for higher charge state.  
This system is not recommended by IUPAC because many elements have been discovered in 
more than two charge states, and because this old system is not as explicit as the stock system.  
However, it as yet has not completely disappeared from scientific literature or from labels used 
by chemical manufacturers. 
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Table 6- Comparison Of Some Stock System/ Archaic System Cation Names 
 

 
        Stock System 

 
          Archaic 

 
        Stock System 

 
          Archaic 

 
          iron(II) 

 
          ferrous 

 
          gold(I) 

 
          aurous 

 
          iron(III) 

 
          ferric 

 
          gold(III) 

 
          auric 

 
          copper(I) 

 
          cuprous 

 
          lead(II) 

 
          plumbous 

 
          copper(II) 

 
          cupric 

 
          lead(IV) 

 
          plumbic 

 
          mercury(I) 

 
          mercurous 

 
          tin(II) 

 
          stannous 

 
 F. Nomenclature of Complex Anions 
 
Complex anions are made up of several atoms.  One atom will be the central atom; the others 
are referred to as ligands.  By far the most common ligand is oxygen, and in the common 
complex anions, oxygen is the only ligand.  These anions are usually identified by their "trivial" 
or common names.  For example, the SO4

2- complex anion oxygen is commonly called the 
sulfate ion.  The IUPAC systematic name for this anion is tetraoxosulfate(VI).  Since the trivial 
names are the ones in almost universal use within the United States, the rules for forming these 
names are discussed here. 
 
In the correct formula for a complex anion, the central atom will appear first.  Sulfur is the 
central atom in the sulfate ion and it is covalently bonded to four oxygen ligands.  This group of 
five atoms shares two electrons over and above the number of electrons normally belonging to 
one sulfur atom and four oxygen atoms.  Thus, the ion has a charge of 2-. 
 
The names of the majority of complex anions with oxygen as the only ligand are derived by 
altering the name of the central atom.  The following rules set out the derivation of the anion 
name: 
 
Rule 1: The most common oxygen-containing anion has the name of the central atom 
   altered to "ate." 
Rule 2:            Anions with one fewer oxygen atom than the most common anion have the 
name of the central atom altered to "ite." 
Rule 3: Anions with two fewer oxygen atoms than the most common anion have the 

prefix "hypo" added to the name of the central atom and the ending altered 
to "ite." 

Rule 4: Anions with one more oxygen atom than the most common anion have the pre-
  fix "per" added to the name of the central atom and the ending altered to "ate." 
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When writing formulas for compounds containing complex anions, as usual the positive cation 
charges and the negative anion charges must be balanced so that the compound is neutral.  When 
more than one complex anion is required in the formula, the entire anion is placed in parentheses.  
The number of anions in the formula is indicated by a subscript outside and to the right of the 
parentheses. If there is only one complex anion required in the formula, the anion is not placed 
in parentheses. 
 
Table 7 - Examples of Formulas with Complex Anions 
 

 
          Compound 

 
          Cation 

 
        Anion 

 
           Formula     

 
       silver nitrate 
       calcium chlorate 
       aluminum sulfate 
       tin(IV) nitrate 

 
            Ag+ 
            Ca2+ 
            Al3+ 
            Sn4+ 

 
         NO3

- 
         ClO3

- 
         SO4

2- 
         NO3

- 

 
           AgNO3 
          Ca(ClO3)2 
          Al2(SO4)3 
           Sn(NO3)4 

 
These formulas are read aloud as: 

AgNO3 - "ay gee en oh three" 
Ca(ClO3)2 - "cee ay - cee ell oh three taken twice" 
Al2(SO4)3 - "ay ell two - ess oh four taken three times" 
Sn(NO3)4 - "ess en - en oh three taken four times." 



 
Rules 2-4 above can then be applied to the memorized formulas to derive the other 
complex anions formed from the same central atom.  For example: 

 
ClO3

-  = "chlorate ion" 
ClO2

-  has one less oxygen atom than the chorate ion; therefore it is the "chlorite  
           ion."   (Rule 2) 
ClO-   has two fewer oxygen atoms than the chlorate ion;  therefore it is the  
           "hypochlorite       ion."  (Rule 3) 
ClO4

-  has one more oxygen atom than the chlorate ion; therefore it is the  
           "perchlorate  ion."  (Rule 4) 
 
Note that the charge on all of the complex anions formed from 
chlorine have the same ion charge of -1.  This, generally, will be the 
case for all complex anions formed from the same central atom. 

 
Because sulfur has the same outer electron configuration as oxygen, it can take the place 
of an oxygen ligand in a complex anion.  The replacement of an oxygen atom by a sulfur 
atom is indicated by prefixing the name of the complex anion by "thio." 

 
Examples:  sulfate   SO4

2-  thiosulfate  S2O3
2- 

sulfite   SO3
2-  thiosulfite  S2O2

2- 
cyanate  OCN-  thiocyanate  SCN- 

 
There are many exceptions to the simplified nomenclature rules described here.  The 
following list of complex ions ending in "ate" are commonly encountered in course and 
laboratory work.  A few exceptions to the rules for naming complex anions are also 
noted.   
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Table 8 - Common Complex Anions Ending in "ate" and Exceptions to Rules 
 
Name 

 
Formula 

 
Exceptions to Rules 

 
chlorate 

 
ClO3

- 
 
 

 
bromate 

 
BrO3

- 
 
 

 
iodate 

 
IO3

- 
 
 

 
sulfate 

 
SO4

2- 
 
persulfate - S2O8

2- 
 
thiosulfate 

 
S2O3

2- 
 
 

 
selenate 

 
SeO4

2- 
 
 

 
nitrate 

 
NO3

- 
 
 

 
phosphate 

 
PO4

3- 
 
 

 
arsenate 

 
AsO4

3- 
 
 

 
carbonate 

 
CO3

2- 
 
 

 
acetate 

 
C2H3O2

- or CH3COO- 
 
 

 
oxalate 

 
C2O4

2- 
 
 

 
cyanate 

 
OCN- 

 
 

 
thiocyanate 

 
SCN- 

 
 

 
chromate 

 
CrO4

2- 
 
 

 
dichromate 

 
Cr2O7

2- 
 
 

 
manganate 

 
MnO4

2- 
 
permanganate -  MnO4

- 

 
G. Nomenclature of Acids 
 
Compounds containing hydrogen which can be ionized to produce hydrogen ions (H+) 
when dissolved in water are named as acids when they are dissolved in water. 
 
HCl, a binary compound which exists by itself as a gas, will dissolve in water and form 
H+ ions and Cl- ions.  The pure gas will have the name hydrogen chloride; an aqueous 
(water) solution of HCl is called hydrochloric acid. 
 
Rule for binary acids:  If a hydrogen containing binary compound is dissolved in 
water and if the compound produces H+ ions in solution the name for the solution 
will be formed by adding the prefix "hydro", changing the ending of the non-
hydrogen element to "ic" and adding "acid" to the name. 
 
Examples: HF(g)  hydrogen fluoride  &   HF(aq)  hydrofluoric acid. 

HCN(g) hydrogen cyanide   &   HCN(aq) hydrocyanic acid 
 
Note:               the (g) and (aq) are added to indicate pure gas and aqueous solution,  
                        respectively. 
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Appendix V: Basic information regarding scientific reports 
 

i. Title page 
ii. Summary: the main aims of the experiment, the main results and the main 

conclusion 
iii. Table of contents 

 
1. Introduction 

1.1. Assignment/problem description 
1.2. Scope/setting of assignment (literature) 
1.3. Experimental strategy to address the problem 

 
2. Theoretical background 

2.1  Reaction Mechanism 
2.2  Thermodynamics 
2.3.  Kinetics 
2.4  Measurement/analysis techniques (description and why applicable/used) 

 
3. Materials and Methods 

3.1  Materials used in the experiment (drawing experimental setup) 
3.2  YOUR! experimental procedure, make sure someone else can repeat this 
3.3.  Analysis methods and techniques 

 
4. Results and Discussion 

Report your results and observations, preferably with Tables and Figures. 
(Large amounts of data should be put in Appendices.) 
Explain and discuss the results (for references (*see format below)). 
 

      5.   Conclusions and recommendations 
            Conclusions regarding the experiment, generalization/applicability 

 
      6. References 

List of references used in the report 
     
   Format of Tables 
   Table number and title above the table. “Table 1: pH measurements versus time (s)” 
   In the text the table is referred to as “(Table 1)” or “in Table 1”.  
   Use relevant number of digits and place comma in appropriate place. It the table 
   includes calculated values, these equations must be given below the table or in the 
   text. 
 
   Format of Figures 
   Figure number and title below the figure. “Figure 1: Color change in solution X” 
   In the text the figure is referred to as “(Figure 1)” or “in Figure 1”. 
   Use a relevant number of digits for the axis and the independent variable should be on 
   the X-axis. When omitting values, explain why these are omitted in the text.   
    
   Format of formula’s and Equations 
   Formula’s and equations should be written on a separate line and be numbered: 
 
      H2O " H+ + OH-                                                                       (1) 
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   Format of References 
   References in text of articles written by one or two authors: (A, 2002; A and B, 2003). 
   References in text of articles written by three or more authors: (A et al., 2001). 
   In the reference list the format is: (Author/Editor) Brown, M., John, A., and Smith, R.T,  
   (title) Kinetics of degradation, (Journal/book)) A, (Vol) 3, (Issue) 2, (pages) 23-26.    
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Appendix VI: Checklist used by instructor for scientific report writing  
 
STRUCTURE 

□ Report contents (report consists of summary, introduction, 
materials & methods, results & discussion, conclusion, references) 

o Complete 
o Incomplete 

□ Report sections contain the required info/elements 
# Summary 

o Yes 
o No 

# Introduction 
o Yes 
o No 

# Materials and Methods 
o Yes 
o No 

# Results and Discussion 
o Yes 
o No 

# Conclusion 
o Yes 
o No 

# References 
o Yes 
o No 

□ Pictures, Figures and Tables have captions and numbers 
o Yes 
o No 
o Some 

□ Pictures, Figures and Tables are referenced in the text 
o Yes 
o No 
o Some 

□ Remarks: 
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CONTENTS 
□ Summary  

o Covers the contents, results and conclusion  
o Is concise 
o Is clearly written 

□ Introduction  
o Gives general information on the topic  
o Original information included 
o Relates the topic to the experiment 
o Is clearly written 

□ Experimental method and analysis  
o All relevant experimental steps are included and explained 
o Safety measures are mentioned 
o Analysis procedures are included 

□ Results  
o Observations made are complete 
o Data are analyzed (excel or other) appropriately 
o Results are presented well in figures and tables 
o Error analysis 

□ Discussion  
o Observations are explained (attempted) 
o All results are explained, also negative results 
o Arguments are given for results that cannot be explained 
o Explanations demonstrate insight in topic 
o Literature is referenced to suppo rt statements 
o Implications of results and explanations are understood 

□ Conclusion  
o Main results are described 
o Implications mentioned 
o Generalization 

□ References 
o Reference list is complete 
o Reference list is systematic 

□ Pictures and tables  
o Captions contain relevant information 
o Units included 
o Correct axis labels 
o Number of digits are relevant 

□ Safety info provided  
o Yes 
o No  

□ Other   
o Original/ new (scientific) elements 
o Depth and understanding demonstrated is unusual 
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Appendix VII  Laboratory tips based on previous practicals 
 
     Safety 

• Consult chemistry cards if you do not know the properties of a chemical 
• A black marker is not a luxury but a must to mark samples and chemicals 
• Glasses may feel and look odd, but a glass eye looks even worse 
• There is a lot of glassware in the lab, so do not hesitate to use it, e.g. when you have to 

transfer hazardous fluids from a large to a small container. 
• Clean the weighing balance if you spill, do not leave this up to others 
• Dilute acids or bases by adding the acid to a large amount of water (not vice versa) under 

the hood and only then discard it. 
• Discard waste in the proper waste containers in the kitchen next to S. Annuels. 
• Do not put back excess amount of powder you scooped out of a container back in the 

container 
• Do not walk around the lab with open bottles, and always carry concentrated acid by the 

bottom and the neck of the bottle 
• Do not wash the pH electrode with acetone! 
 
Pipetting 
• Do not insert the pipette in the fluid when you push the pipette button down, blowing 

bubbles is for toddlers, you may disrupt a separation of phases 
• SLOWLY let the automatic pipette fill up, do not release the lever abruptly 
• Do not pipette volatile organic fluids with an automatic pipette: it paralyzes the pipette 
• Use clean pipette tips whenever needed, they are disposable 
• Do not lay the pipette down or turn it upside down, always hang it vertically 
• If the fluid has a high viscosity, pipette twice with the same pipette tip; the fluid that stays 

behind the first time is the same as the amount that stays behind the second time, so after 
all you will have pipetted the correct amount 

• For biological work: discard pipette tips in ethanol or bleach to disinfect 
• When releasing the pipetted fluid from the pipette: bring the tip of the pipette vertically to 

the wall of a 45 degree inclined beaker. After draining, wait 3 sec. 
• Mix suspensions well before pipetting if a representative sample is required.  
 
Calibrating the pH electrode 
• The electrode should always be in a vertical position when outside of the box 
• The electrode should never be left dry: the membrane will be ruined. Leave either in 

water and for storage make sure the cap with some fluid in it is placed on the electrode tip 
• Since the electrode tip is a membrane, do not wipe/dry it with tough paper 
• Always rinse the electrode when it leaves a buffer or fluid and gently take or shake of the 

drop that is left on the membrane 
• Make sure that the temperature (button) adjustment is correct. 
• Use buffers that are below and above the range of your pH sample measurements 
• Use buffers that are at the proper temperature (not straight out of the fridge) 
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Accuracy 
• For quantitative analyses, it is very important that you transfer all materials from one 

container to the next. Do this by using the transfer fluid (water or other) to transfer all 
solids. Make sure that adding additional fluid does not affect equilibria. Note how much 
fluid you added extra, just in case that number is needed. Otherwise use scoop or other 
for transfer of remaining material 

• Volumetric flasks are more accurate than measurement cylinders. 
• Volumetric flasks and not measurement cylinders should be used for making standards 
• Always homogenize standards before taking a sub-sample for measurement 
• When making dilutions from a stock solution, you can make a sub-dilution and further 

dilute the sub-dilution for the various standards, or make the standards each separately 
from the stock solution. If the stock solution is highly concentrated, than making a small 
volume of a standard will give a larger error than making this standard via a sub-dilution.  

• Samples of less than 25 mL that are meant for analysis need to be pipetted.  
• Solid reagents of 100 mg or larger need to be weighed with a balance, solids smaller than 

100 mg need to be weighed on an analytical balance. 
 
Your experiment 
• Make sure that you know the dangers of the various chemicals by consulting the chemical 

safety cards (or internet) and incorporate appropriate measures in your experiment 
• Read the protocol before you start you experiment, do not go step by step, but make sure 

that you have the equipment and chemicals available when needed. 
• If necessary, make a sketch of your experimental set-up plan and present to instructors in 

advance to find out if you have overlooked some part 
• DO NOT THROW STANDARDS AWAY UNTIL THE END OF THE DAY 

 
VIII Preparation Laboratory Experiments 
 

1. Know the properties of the chemicals you will be working with. 
Consult Acros website MSDS (under Tech support) 
On left hand side in Search Center enter part of name/catalog: potassium chromate 
You will get a price list, but if you click on the chemical, you also see the properties 
Check out the safety issues. 

2. Think about how you can handle and dispose of the chemical safely. 
3. Find background information on the analytical technique you will be working with. 

 
For instance, when working with the spectrophotometer, know what the analytical 
wavelength is, what the principle is (absorption of light) the law to which your standards 
should adhere (Lambert Beer) etc. 

4. Study the basic chemistry in the experiment, the reactions and products. 
5. Calculate how solutions or mixtures (e.g. 10M NaOH) should be made. 
6. Make a dilution scheme for the standard solution series from a known stock solution. 
7. Read through the experimental steps to see if there should be parallel actions taken and 

which materials/solutions need to be ready at which moment. 
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