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Practicalexam 1. E{E 1

General instructions —fig}5m
This exam consists of three subtasks: EEZEFRIEE S =B -

- Subtask 1. Analysis of sugars with thin layer chromatography (30 points) fER&E 22D H#E (30
)

- Subtask 2. Identification of a starch of unknown plant origin (30 points) A BBEYIZEIRAERFS (30
)
- Subtask 3. Microbial fuel cell (40 points) 4RI E# (40 2)

1. Please remember to attach your barcode sticker to all pieces of paper on the answer sheet. 55
—EECFIBRNREARNTEE —EERSE L

2. Writeyour answersin the separate answer sheet provided. Only answers given in the answer sheet
will be considered. IBfFINERREEZHMA L » AEREBZRBLNEZSGED

3. Ensure you received all necessary materials and equipment listed on the next page. If any items are
missing indicate this by raising your red card within 10 minutes following the start of the exam. &
PMTAB TEFTAAAZENMRET R - MIRAEAREFEEZMGEE T2 ERERLI R -

4. During experiments ensure all materials and equipment is handled properly. Any spilled solutions
or broken equipment will not be replaced. EEERHBRFERAMANME R T ARBEEZE o (EAHF
RN T BEFSWER ©

5. Stop answering and put down your pencil immediately when the bell rings signalling the end of the
exam. EHEREFFILZIMTE > FLEES o

6. No paper, materials or equipment should be taken out of the laboratory. FEIE{FA4RIR « #EIET
ANHERE -

CAUTION: The experiment deals with materials that are fragile and sharp. Exercise caution when han-
dling them.

WEAR ALL SAFETY EQUIPMENT PROVIDED AT ALL TIMES OTHERWISE THE LAB ASSISTANT WILL ASK
YOU TO LEAVE THE ROOM.

Materials and Equipment #1¥EI£2 T B

- eluent solution (boric acid : acetonitrile, 3:7 mixture) in a glass bottle IR ERR (BRI
3.7 HPREIR)

- sugar solutions in Eppendorf tubes (G-glucose, M-maltose, S-sucrose, X-honey) 1B 5 & & NiEHELEA
&HY eppendorf & (G-glucose, M-maltose, S-Sucroce, X-honey)

- Thin Layer Chromatogram (TLC) #EB&E D&
Pencil $%
Pasteur pipettes B IR E
Micropipette tips fZREHY tips

- Screw-cap container AEEEENA2R

- Hotairblower (useitatthe nearest shared table to detect the developed sugars on the chromatgram)
BEE (EAEZEH LRBARENARMRENGRE DT ERATESE)

- Gloves FE&
Ruler R
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Lugol solution (in dropper bottle) &SIFAR (TEREHF)
Microscopy slides B8f R A
- Coverslips R
Knife 7]
Eppendorf tubes (to be labelled by the student A-D) Eppendorf /N& (#4252 4 A-D)
Unknown starch samples (labelled as” K’ ) REFKIEREM A (B2 X7 )
- Asachet of dry yeast (Labeled: Y) —/ & &8 & (114 Y)
pH=7.0 phosphate buffer (PB) -in a bottle for liquids pH = 7.0 BiFLEE4E &R (PB) — R i /REEAIHRH

- 0.02 M K3[Fe(CN)6] -solution (Fe3+) dissolved in PB -in a bottle for liquids 0.02 M K3 [Fe(CN)6] — /Af#
£ PB HREVAR (Fe3+) —HEEREERIIRA

- ;a‘l:astic (blue) inoculation loop for mixing the yeast suspension B ES BB ERVER (&) &
- Aqueous citric acid solution for the diaphragm -in a 50 mL-Falcon tube (Labeled “Citric Acid” ) B
PRAZAVIEIREL K AR — 72 50 mL REE LB (1F5dA “EiREE” )
- Astrip of filter paper for the diaphragm FRiE B4R &
- 2x250 mL plastic cups for assembling the galvanic cell 2 x 250 mL ZBRI4F » R AREERE
- Tweezers for soaking and moving the diaphragm B2/ AMBBIRENET
Metal clips £B
Multimeter with appropriate cables BBXRAE S EINEL
Distilled water (W) Z &7k (1Z:2 A W)
- Graphite sheet for electrode (2 pcs) EBEFARER (2 1E)
Beaker with room temperature ice 2£7%5 7kIRHIEIF
Beaker with room temperature water %5 Z=;B/KBIIER
- Thermometer ;BE st
- 37°Cdry thermostat (one shared by 4 competitors) FA{il 53 BV EZ 818
Microcentrifuge tube labelled ‘M’ : size ladder marker 12522 M B9/NBEOE

Microcentrifuge tube labelled ‘C’ : control which is the PCR product of the original gene #2524 C
B/ NBEOE (RBRAEER PCR EY)

Microcentrifuge tube labelled ‘P1’ : PCR product of the sample taken from P1 type cells #2524 P1
B/NBEOE (18 P1 2RAY PCR ZE#))

Microcentrifuge tube labelled ‘P2’ : PCR product of the sample taken from P2 type cells 12524 P2
B NBEOE (18 P2 2REY PCR ZE1))

- Microcentrifuge tube labelled ‘E’ : restriction endonuclease (Pstl.) -held on ice! 12322 E {E1E7KkE
E/NEEOE (RBRTHIES)

- gel electrophoresis chamber Ex1&

- electrophoresis gel kB H
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Part 1. Analysis of sugars with thin layer chromatography (TLC) ER#E&E 5% (TLC) £
g3

Different sugars can be readily separated by thin layer chromatography (TLC) analysis. In this task, you
have to determine the most abundant sugar component of honey. During the drying and eluting period,
you can also start working on the other tasks.

ERERGRE DA (TLC) IR BBATRNNE » EEBFYD » (MUAERN HEBEEPRESHNERD © 1
BRFEIRIBIE - A UFRRRIZEMEF o

Be careful with the hot air blower because it can cause severe burns!
INGEVE 0 RATEENERENE ! - REE
Do not forget you are working with chemicals, always wear gloves!
ASTIRECERACREREER  —EEBFE -
Please remember to attach your barcode sticker to all pages of the answer sheet.
At —E ZIBRI RIS LR TEFR B B EE L °
MATERIALS and TOOLS MiElEiT A:
eluent solution (boric acid : acetonitrile, 3:7 mixture) in a glass bottle I¥EHR Y R FAK (AL
2B 3T HRER)
- sugar solutions in Eppendorf tubes (G-glucose, M-maltose, S-sucrose, X-honey) & 5! & & [UiE#E
$a7A%E eppendorf &
- Thin Layer Chromatogram (TLC) B &R D E
- Pencil #5%
Pasteur pipettes BHfEIRE
- Micropipette tips i 2R EH tips
- Screw-cap container EATEEZENA 2R
- Hotair blower (use it at the nearest shared table to detect the developed sugars on the chromat-
gram) B EM (AR ZEH LRHTRINAEERENEE D HENESR)
- Gloves FE
* Ruler R

The Eppendorf tubes in the tube rack on your table contain the following samples:
RELNHEAESS U TERR :

G -glucose H&#E

M - maltose ZEZF#E

S -sucrose &

X -honey #%&

The bottle labelled” ELUENT’ contains a 3:7 mixture of boric acid solution and acetonitrile.
REE “ELUENT” (RFIR) MEFSH" WEAR M° 2B N3 7TEEY-

1. Put on gloves for the exercise!

B EFEETRIE!

2. Draw a straight line (START LINE) on the white side of the aluminium backed thin layer with a pencil
parallel to the shorter side of the sheet, at about 1 cm from its end. Do not push the pencil too hard
because otherwise it will scratch off the thin layer!

EiEEEEENOEEAIERRE T —ANRE—ER » FRNIEMERE  SRSEIRSERE !

3. Pipette with a Pasteur pipette a quantity of ELUENT solution in the screw-cap container up to just below
the start line, BUT do not place the TLC plate in the it, only verify from the outside that the liquid level is
adequate. Screw on the cap of the container and wait 10 minutes for an equilibrium between the eluent
and the gas phase above.

EABHERERNEENERAREEREZASTHRERET AL » FAER TLCARBEHS » MAERS
BINPERERARESEN - M LARERET 10 08 > ERARESBREZEER T -

)
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4. While waiting, use the Pasteur pipette with a micropipette tip to apply 1 mm of diameter spots of each
sugar solution. The spots should be just above the START LINE, with 1 cm far from each other. Use a new
pipette tip for each sample.

TEFFER > UEEMERELANEBHERE » FESEBIREE 1 ABEKWELR - BREMRBGER
START LINE” E£7F » #4R+EE 1 A% » SEEREFEAFNMERELR °

5. Leave the plate prepared this way on the table.

HERBFNBRFRERFL -

6. After visible drying, wait 5 more minutes before proceeding.

ERIRHNEZIRE > BREEBSES-NiE -

7. Place the TLC plate with the uploaded samples in the container and screw the cap on.
A EmE TLCIRMA RSP IE LEF o

8. Continue eluting until the eluent reaches 1 cm distance before the end of the plate. Then remove the
plate from the screw-cap container.

HERBZERMARKIE TLC RIBHA 1 A0 EREERE - HiZEESSHEE TLC R
9. Mark the solvent (eluent) front by drawing a line on the TLC plate with a pencil.
FATHETE TLC iR L E—RARRITAE (RRAR)

10. Go to the closest free desk with the shared devices. Set the hot air blower to Level Il with the and dry
the TLC plate by placing it on the tile with its white surface upward and blowing it with hot air.

RN ZESEERHEZREG  BARKRKRES | R > & TLICHRUAREEEER LREERE L - BRTER
BZI% o

Be careful with the hot air blower because it can cause severe burns!

MOEEYE 0 A TEEREELNS !

Q.1.1.1 When finished (the TLC has cooled down), put your chromatogram into the en-
velope labeled “Chromatogram” . Write the 3-digit number on the envelope
in the code box on the Answer Sheet. When you are done, CALL THE LAB AS-
SISTANT AND SUBMIT YOUR ENVELOPE! (This action is necessary to proceed
to the next questions.) E{R5EREF (TLC B1440) » IBIRNGE DT EIRIEES:
#” Chromatogram” MI{E# > HERXS LN =(IHNBEREEH L - B(R7THK
B > BB BB A HIZEE (NREETHREREBFMEEZRE T —ERE)

When you submit your own chromatogram image, the lab assistant will give you a new one required
to complete the next tasks. (This chromatogram was run in the same manner as the one performed
earlier.

EMTERERRGE D INENZGE BRI SHE—(ETURR T —EREAENHERESR (EEGRE
SifERER L—E—Re0 R ML 2RY) -

Based on the provided chromatogram image, perform the following measurements and then calculate
the retention factors (Rf). Use the widest part of each spot for measuring the distance.

RIBERNRERE > JITUTRAE » ARHBEFBETF (Rf) - ERSEMANREE D KA ZER

The distance of solvent front ( ‘ELUENT’ ) fromthe ‘START line:___ cm
AnlEs ( ERR ) IBERE BB BOEERE cm
d

Where:
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d: distance of the spot from the START line B 25 EEBEBH4A4R AV ERBE
E: distance of ELUENT front from the START line /& R8:& A i EE B B 4A 45 HO BB B

Q.1.1.2 Fill the TABLE 1 on the answer sheet.
IHEERMELENRL-

Q.1.1.3 Based on the chromatogram given, identify the carbohydrate(s) present in the
honey sample. Put an X under the labels (G, S, M) of the appropriate sugars.
RIBEFMESHENE > EEBERRPRAFENHKKECEY - TEENREZIRE
(G~S M) TEFFZF—E" X

;ﬁUEgTA*?}K 2. IDENTIFICATION OF A STARCH OF AN UNKNOWN PLANT ORIGIN #&£7E 2k B RBAtE
ik

In this practical your task will be to study and draw several types of starch grains.
TEAEER > (RASEASEANE TR R B AR L ©

1. Using your knife scrap the surface of your biological samples onto separated microscopic slide each.
(A: bean, B: wheat grain, C: potato, D: rice grain) Write the appropriate letter (A, B, C or D) on the slide with
the marker.

AR NTIEIE R 5 B R E M B AR EI R E R REMIREIKA Lo (A EF B /EH > C: BRE D 1K
KI) WAERBEHIKA LR THHEENTS (A> B> CHD)

2. Drip one drop of Lugol’ s solution (iodine solution with Kl) on the scrapings, cover it with a cover slip
and examine them at a 100x total magnification under a microscope.

RS LR —RESEAR (2 KIBBER) » ELERR > EREMER T 100 BEZBAEREE -

Q.1.2.1 (No marks allocated for this point, nevertheless if your sample is not approved
it means that you can’ t get more marks in this task.)
(AREMA|EC S » BURMRIRERER > (MEETELEDES
When all the slides are prepared, adjust a scraping of your choice to sharp reso-
lution and call the lab supervisors to prove your work.
NEFFREASITIR CZENEME TRER » SREMNEGE > SNEREEAS
MUEANRNERES S8 ©
Be aware that you need these slides for the next tasks. 353 = > REZELAE
PR LSER F—=E ©

Q.1.2.2 Draw at least two starch grains per each sample (A-D). Make sure you draw each
starch grain in sufficient detail, they should reflect the shape, pattern, and (rela-
tive) size of each grain. Z/MERRZA A E| D P E Y METREME TRHERR 2 NRKRM
/JrjltL o EEMEBIFHFH > BHRERRMRARKRMNBEHOIR « 45 - EAHEHER

You have received a food starch sample, used in the food industry as a thickener, in an Eppendorf tube
(labelled as ‘K’ ). Test a very small portion of this, by diluting with drops of water and Lugol’ s solution.

MELZWE em T EPEAREFRMIEHEHNENER ERMEROET » RiLA K) - JFAKNE
SaaRZ BRI IRRE R —NERS
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Q.1.2.3 Based on your observations from the previous task, determine from which plant
the sample came. Indicate your answer by putting an X in the appropriate
box(es) on your answer sheet. Note that putting an X into any inappropriate box
causes loss of half of the total marks for Q.1.2.3. until you reach zero. 1RiE{RETEE
I FIEHAMERAZ A EEYIRDN - TEENEREEE X ZTHIFEHQ.1.2.3
NEDEER—F > ERIES -

Q.1.2.4 Assume that the average volume of a starch grain is 4000 (um)® . The starch
grain can be considered a 20% aqueous solution of starch with a density of 1.050
g/cm3. What is the weight of the starch constituting this one grain? Give you
answer in mm rounded to the nearest integer (1 um = 10"%m).

R BN TFI9ERER 4000 um3 o BMHIARAR 20% ZEA 1.050 g/cm3
RBRKRNOBK - BE—RIRIMHNEER S ? U mm BB » WIARETRIEH
RHIRNEE -

Q.1.2.5 How many glucose subunits does the above amount of starch grain consist of?
Assume that the grain consists of amylose only, with an average number of 1000
subunits per molecule. Give the result with 3 significant figures in scientific nota-
tion. The molar mass of glucose is 180 g/mol; that of water is 18 g/mol; Avogadro
number (NA): 6-10%3 1 /mol. tEMNBMZERZ VAT ? REELEENREETT
BigRin 0 —E59FF195 1000 ERRZEN - BREZBFEAGH 3 EERHFRIE
R - FERND FESA 180 Da; KD FEE 18 Da; FHEMREL (NA) ):6-10% 1
/mol.

SUBTASK 3. MICROBIAL FUEL CELL &A% &

DURING THIS PRACTICAL YOU WILL WORK WITH CARBON TISSUE. BE AWARE THAT IT IS EX-
TREMELY DANGEROUS TO HANDLE IT WITHOUT GLOVES!
TEULEE > MR ERBAS - 55EE » EREFENER TRERB KRR !

Methylene blue is a widespread dye, also used as a redox indicator in addition to dyeing microscopic
preparations and macromolecules. Since this material is not toxic at a low concentration, bacterial and
yeast cells can absorb it without suffering significant damage. However, due to its redox properties and
good diffusion abilities, it is known that at an appropriate concentration is able to intervene in redox pro-
cesses in cells - “tapping” electrons from the latter. For example, its ability to gain electrons from glu-
cose, thus converted to gluconic acid, is well known. In this task we try to discover whether it is capable of
achieving this with a material participating in the oxidative phosphorylation (terminal oxidation) process
in the mitochondria. In fact, methylene blue does not enter the mitochondria, but if its potential effect
could be proven, a small modification of the molecule could achieve an effective short-circuit in oxidative
phosphorylation, thus it could serve as a potential starting point for drug development as well. Hungarian
researchers published a paperin 2017 (Komlddi, Tretter; 2017), outlining a possible model of a mechanism
in which methylene blue can help neurons get ATP in some neurodegenerative diseases (e. g. Alzheimer’
s disease).

DRBEREZRANRE > X7 ARMAEMI R BERREAD FRREZS) Al BEfFRICERRENIET
Bl o AR EHEERERAASE - MEMNESRARAERKEREMAGERBRREIEE - 24T > ARESR
EERMEUR BFIERAES  EEERE T » DREETEMRDNACERIBRE — MRS fie” B
F o BN > EREREAAREESEFHNENLEZESHHRELAIIE  ERFR TR - FILEFEF » BfiR
RN  mRETEARCBERE CRisRC(ER) 2R » EalifsIE T RETH LR - FE L
DRBNAEANGE  EEMHEHEBEEFRESESR 2 FIVIREREENRTRICHEBIEAMNER
Fit et e R YRR > BFEEAEELARRS - W FIAR A BT 2017 £ R —FEwX (Komlodi, Tretter;
%817) > BEES IR — BB R R EEAE B B oA — IR (B (NPT LGB ERE) 1S EI ATP BRI AERE
T o



=%5 20 1BO Chinese, Traditional (Taiwan, China) V1-9
HUNGARY 2019 Experiment 1

Your task is now to test the electrode potential (mid-point potential) of methylene blue, thus confirming
or rebutting that methylene blue is indeed capable to participate in the above process in this way. You
will make your decision on the basis of the following chemical principle: an agent with the more negative
redox potential is able to reduce (transfer an electron to) the agent with the more positive redox potential.

[ > RNEBE AR RENBIREN (PRIEBL) - MUIHE SR B R ENES BUNAIFTERIETE  RFR
BETIINERRERHAE | "ERAEEZARCEREMESE  tER (BREF) AAESERLEREN
BE-

The mid-point potential is the electrode potential value measured when a reduced and oxidized form of a
redox agent is present in equal amounts. In the reaction you perform, this type of equilibrium is reached
by a galvanic cell and yeast cells. Living cells continuously reduce methylene blue, the reduced form of
methylene blue is released from the cells, where they will form the anode of the galvanic cells, continu-
ously supply the appropriate electrode with electrons. Oxidation, electron transfer of methylene blue is
also continuous on the electrode, thus the ratio of the reduced and oxidized forms is constant in both the
cells and the fluid surrounding the electrode, the mid- pomt potential can be determined as the solution’
s electrode potential. FEYE IR E —ﬂilaﬂ:}_l?ﬁﬂu ENEREAESCENEER > FRASHEREG(E -
EWH%#?%VEE’\J&EEEP » BRI ERET AKX EEM (galvanic cell ) MBS R > EAAMFHEERCFRE > I

ENERERCAARPRED  HRSEAINKESMNGE » FERUHEAEFNEESE » AtEmE
ZEH@LX& EihEE R REPIERMECELLEREER » PEENIHE A2 R EIBEL]

Even at this time, the galvanic cell will consist of two electrodes: methylene blue release an electron on
one electrode (anode) and K3[Fe(CN)6] (Fe3+) takes up an electron on the other one (cathode) and is thus
converted to K4[Fe(CN)6] containing ferrous (Fe2+) ions . The galvanic cell is kept “alive” while oxidized
methylene blue molecules are able to enter the yeast cells where they are reduced in the above-mentioned
redox reaction, so the galvanic cell is not depleted as long as there are live yeast cells and enough Fe3+
ions. BMEFELER > MXEBMAZEIEMEENER | SnRETE— saﬂi (F2iB) FEHEF > ME5—E B K3[Fe(CN)6]
(Fe3+) RIRIK—EE T (f24k) - E|CHMKEEtmgER" E&” » it K4[Fe(CN)6] > NS BB F
(Fe2+) o IR EEtikAERY &L > MALCTRES FREARSHER > Wi FRNECERKRES » 7£4H
RAER  MRABERENESENEHEE T (Fe3+) » IREEBM A TIES -

40
G -_\f/ - R A C
b
|
\
| Fe(CN)
B A d )
e Eo —o o
\ 4
| \ Q/{ Fe(CN)2
ll | Potassium
N hexacyanoferrate

(ny

D «— - OX

Fig.1. Legend:A: anode. C: Cathode. D: CO2. E: electron. F: Diaphragm connecting the two
electrolites. G: Glucose. OX: oxidized form of methylene blue. R: Reduced form of methylene
blue. Y: Yeast cell.

B loEBR:A:FERoC:fEMRoD:CO2°E: EFoF: BIEMEESHENRE -G: &M -
OX : ®{EAZARVEZFAEE o R : ERFABERIASTURZD o Y & B E3ARAR

Your task is to assemble this live galvanic cell and to measure its electromotive force. After you showed
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the results of your measurement, you will receive information on a separated sheet to be used at the cal-
culation tasks. fRIVEFSEAFULENMKEEMASIER > WAEHEHZ - BEMRERAELRZE > R
BIS—RREA LWEFLUARETHH ©

Assembly of a galvanic cell: HE—EMKEEH :

To measure volumes use the scaling on the wall of the cups (in mL-s). FRFFEE LZIE (M mL-s
AEBA) RASHTE -

You should use the two scaled colourless plastic cups in the following procedure. Put Both into
the white rectangular box before you start to create the fluid of the anode and the cathode. {&f&
ZEBUTTREARNERBIERR o ERRRNERBNRENRIZZA > HMERABBRLEES o

When preparing the anode fluid, follow the steps below: ZE#SIRRE > FBIRBUT S TIRIE

1. Pour about 20 mL of phosphate buffer (PB) to a 250 mL cup and labelitas ‘ANODE’ #§49 20 mL ##
PR EE4Z &R (PB) BIA 250 mL #frh » WG HAREE A “ANODE”

2. Add the total amount of the provided powdered yeast to the buffer. iR I R EE B HEE RN
EEDRE o

3. Stir the mixture with the inoculation loop until a suspension with uniform texture (homogeneous) is

formed. AIZFRBRBH ESYEETHRERITENBIER

4. Add about 20 mL of glucose solution (G) to the mixture obtained thereby further homogenizing the
yeast suspension. TEFTEEIFVEEYH > TIAK 20 mL HEREA R (G) » MASESRBTRIFEL -

5. Then add 20 mL of methylene blue solution (M) to the mixture thereby further homogenizing the
suspension. AR SYIFINA 20 mL ZEREEEAR (M) » LSBT RE®L -
When preparing the cathode fluid, follow the steps below: ZEEITRES > FAIEBUTHEIRME :

1. Pour 60 mL of yellow K3[Fe(CN)6] solution (Fe3+) into the other glass vessel. # 60 mL & & K3
[Fe(CN)6] &K (Fe3 +) BIA B—ERIBA Rt o

When assembling the diaphragm, follow the steps below: B [RAEEF » :EIRBLL TP ERIRIE ©

The diaphragm isintended to provide electrical connection between the two solutions (i. e. it has to reach
down into both solutions.) This function will be fulfilled by a filter paper strip soaked in citric acid solution
in this case by means of highly mobile hydrogen ions in the solution. R Bl aliR{HME A RE M ETEE
(BN : EREEIIMERR) o LIRS 2 BEESRR SR PIEARIRIRTTH » 7ELEEE > BNEFHE SR
= EBI SR T RIET
1. Put the cathode fluid on the right and the anode fluid on the left. #EBRKERR > BT RMIE
EA o

2. Put the two cups of your forming galvanic cell next to each other so that their edges come into con-
tact. EIEZAMEEE B A > RMEMNFIR—IEE > FEEFIRVEGIERE o

3. Fold the filter paper in half along its shorter side (i. e. making it half as long as before). #BAT B EHEK
BEH—AFrERmE (B FHREARSLHN—F) o

4. Then, completely dip the prepared filter paper strip into the citric acid solution by using the tweezers
and let it soak for ca. 5 seconds. #A1% » AR FIE R ETFRIRARIRTEEZABRIES R » ABZELNS
FhiE o

5. Lift out the moistened filter paper strip, let it drain off, then place it in the two plastic cups, so that
the two tips hanging down into each of the solutions. BXtE R EVEARIE - BEz » REFEHBARELE
AR > ERARIRAYMIE SR ImE 2R » WA RIS AMEARS ©

6. Thisisimportant, because the filter paper should not come into contact with the graphite electrodes
as this would cause a short circuit. EREE > AARATEERGEEHEEENE > SRSERIEE o

Assembly of a galvanic cell -measurement of the electromotive force:

itk EBitxBEE — EHHZRVAE
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. Now, only the electrodes should be placed in both solutions prepared this way, then connected to

the voltage meter. To arrange the voltaic cell you can use all the tools provided. IR7E » REEMHREK
EFMRBIMERRR > ABERTBRER - EHEMRITEM (voltatic cell) » ERIUERRMMFRE T
Ho

IF YOU HAVE FINISHED UP TO THIS POINT, RAISE YOUR YELLOW CARD, AND HAVE YOUR ASSEMBLED
SYSTEM CHECKED BY YOUR LAB ASSISTANT, WHO WILL SIGN YOUR ANSWER SHEET. iR E5Eri4H
KEIL > FREEF > FEREHERTCHERAR  t/MEETENERELES -

. Take off the caps from both the black and the red cables of the multimeter. BB RN BENAIEE

MEERTFETF -
Take the multimeter’ s black cable into your left hand and the mutimeter itself into your right hand.

RERRNERGBERRELTF  RERRBELGTF -

. Switch on the multimeter with turning the black wheelonittothe V' sign. {TRIEARX > BEGER

WEE VRS o

Touch the two carbon electrode with the two needle points and read the voltage. A R EEMR
{EFRE B EENE B ©

Q.1.3.2 Record the measured voltage on the Answer Sheet. TEZ 84K -0 FrAl2ME

B o

After you recorded your results a scotch tape will be stacked on your Answer Sheet. You also receive a
Voltage value with which you have to calculate in the following tasks. sei##ER% > BEEHNB B LM
FEART - KIEg5R—EABRE » S ERIRAFEUTH=EE o

Calculation tasks for the microbial fuel cell #{= 4 A%EIE thavETE

You received a voltage value from the lab assistant you have to calculate with! B =BIHFEINE
BME > BLUETEE |

The following are known:

TEABREYS :
- The standard redox potential of the [Fe(CN)6]3- +e- = K3[Fe(CN)6]4- reaction: 0.361V

Molar mass of K3[Fe(CN)6] : 329.24 g/mol
Molar mass of methylene blue: 319.85 g/mol

- The K3[Fe(CN)6] -solution was prepared by dissolving 3.39 g of salt in 500 mL of PB.

- The methylene blue solution was prepared by dissolving 1.87 g of dye in 500 mL of PB.

- Calculation of electrode potentials of solutions with an approximate concentration of 1 el is spec-

Fe(CN)6

ified by the Nernst equation:
3-+e-=K3 [Fe(CN)6)] 4- R FERVIZ#E S (LIBIREL : 0.361V ° K3 [Fe(CN)6] BIEETHEE : 329.24 g/ mol

- DREENEHREE : 319.85g/ mol
- 1% 3.39 g BEARRTE 500 mL PB FzkEUE K3 [Fe(CN)6] 8K
1% 1.87 g SkBARRTE 500 mL PB FREUETE REE AR ©

HEEHF AR VARG EIREAA 1 BRI ERE !

RT
e=¢,+ —Inc
07 LF

Where:
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€: the cell potential
€0: the standard redox potential
R: the universal gas constant (8.314 J/mol K)
- T:the absolute temperature
F: the molar charge (96486 C/mol)
- z: the number of moving electrons (methylene blue also loses/gains four electrons per round)
c: concentration expressed in mol/L
€ . MEAELL
€0 : IREMNFCEREN
R:BARBEE (8.314J/molK)
- TIABENRE
F:E®MER (96486 C/mol)
-z BBEFHNHE (E8WER > THEHE KE/ERT OEEF)
c: MU mol/LRTEE

A measurement performed under optimal circumstances was completed with the following results: 2
ERERTTMETNIE > SRNOT :

- The temperature was 25 °C ;BE % 25°C

10% of the methylene blue was present in the anode solution -the rest was in the yeast cells. [R5
RATFTE 10%MYEE REE - HERNFERESMMF

Electromotive Force (EMF) is the voltage you have measured. &% (EMF) 2ITBHEMEEE o

Q.1.3.3 What is the value of the RT/F multiplication factor for both electrodes (calculated
in Sl units)? Give your answer to 5 decimal places on the answer sheet.
MIEEEH RT / F EHEHREHENE U SIEAHE) B ? EEFBALALE 5 /)

HBHEE -

Q.1.3.4 What is the electrode potential of the cathode solution in this setup? Give your
answer in millivolts rounded to an integer.
TEEREY » BIRSRNEREBEMUELS D ? UZRAEM > MIEEAZTEE -

Q.1.3.5 What is the electrode potential of the anode solution in this setup? Give your
answer in millivolts as an integer.
REBREFR > BIEARNBEEMNES LV ? UERAEM > WISEATEEH -

Q.1.3.6 Enter the concentration of methylene blue in the anode solution. Give your an-
swer in mol/L rounded to 2 significant figures.
BHBERARPEREENRE o MU mol / LAALHIRINER » MIsH AR 2 iIBME
%o

Q.1.3.7 Enter the standard redox potential of methylene blue based on the measure-
ment data. Give your answer in millivolts as an integer. RiEA S8R A D
REENFERCEREN - ERUZSKRABE -
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Based on another calculation, the midpoint potential of methylene blue was 11 mV. The table below shows
the standard redox potentials of biological oxidation processes. Based on the midpoint potential value of
methylene blue and the figures in the table below, write X in the appropriate cell(s) on the answer sheet.

RIEZ—EFE > DRBENFRENS 11 mV o FTRER T EVECIBENRERCEREBN - RIBFTFEE

WREEAEN TRANHF » EERALOERETRPEAX
Methylene Blue is capable of -

EIFAEEAES.......

A. taking up electrons from

.. HEEF

B. transferring electrons to

\|IZEFE...

Q.1.3.8 NADH

Q.1.3.9 Cytochrome C
HREE C

Succinate
Q.1.3.10 IEIHEE

Electrode equation E,(V)
Succinate + CO, + 2H* +2e —

a-ketoglutarate + H,0 —0.670
Acetate + 2H* + 2 e~ = acetaldehyde —0.580
2H* +2e"=H, —0.421
a-Ketoglutarate + CO, + 2 H* + 2 e~ — isocitrate —0.380
Cystine + 2H™ + 2 e~ — 2 cysteine —0.340
NAD* +2H* + 2e- =NADH + H* —0.320
NADP* +2H* + 2e~— NADPH + H* —0.324
Acetaldehyde + 2H* + 2 e~ — ethanol —0.197
Pyruvate + 2 H* + 2 e~ = lactate —0.185
Oxaloacetate + 2 H* + 2 e~ — malate —0.166
FAD + 2 H* + 2 e~ — FADH, (in flavoproteins) +0.031
Fumarate + 2H* + 2 e~ — succinate +0.031
Ubiquinone + 2 H* + 2 e~ = ubiquinol +0.045
2 cytochrome b, + 2 e~ = 2 cytochrome b, +0.070
2 cytochrome ¢, + 2 e~ = 2 cytochrome ¢, +0.254
2 cytochromea, . +2e” = 2 cytochromea, +0.385
30,+2H*+2e"=H,0 +0.816

Table 1. Standard Redox Potentials of Selected Half-Reactions

= 1. EF RENRER(CERE




