Experiment 5: Measuring Metal M agnetism

Experimental

WARNING: Themagnetsused in thislab generate extremely high magnetic fields
(3000G. Do NOT movethe magnets outside of the balances. Do NOT allow two magnets
to approad each other, asthey will violently dam into each other, potentially causing
personal injury. Do NOT bring any credits cards near the magnets asthey may be
demagnetized. If you havea pacemaker, you are NOT allowed to perform thislab. Avoid
bringing any strongly magnetic materials near these magnets. These magnetsare brittle,
and may be easly destroyed if mishandled.

Themolar magneic susceptibility (! v) is obtained by means of the Evan® method, which
measures the attraction of asample to amagnédic field. ! v is calculated by use of thefollowing
equdion, where C is acondant for the bdance, mis the sample mass, MW is the sample
molecular weight, L isthesample length, and (R-R,) isthe bdance reading (with minuswithout
samplein holder). If youtare thebdance before the measurement, R, will be zero and your
calculation will besimplified.
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When the magndic spinson themetal sites are weakly interacting (as they are for the saltswe
are measuring), it is possible to convert ! paa to e as shown bdow, where N is Avogadro®@
number, kistheBoltzmann condant, T istemperature in K, and" isacondant unit called the
Bohr magnéon (ug).
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Youwill work in groupsin this lab, the number of which dependson
thenumber of available bdance setups Samples for thislab will be
provided in sealed vials. Note tha you need to know the mass and
heght of thesample within thevial before you can calculate its

effective magndic moment, . Althoughthe constant C used for

calculating per can be andytically calculated if the magndic field gradient is known, we will
skip the math and ingead use a sample of known magneic moment to determine C and calibrate
our magngometer. In order to minimize errors from anontlinear field gradient, ourvias have
been prepared such that all the samples are of nearly congant heght You mug beconsstentin
your sample placement between runs as C will changeif thehaght of the sample abovethe
magnd varies. Thesample mug aways be placed in thewood block and centered abovethe
magnds.




Measure the mass changefrom an empty glassvial. |sthere ameasurable mass changeonthe
bdance? If so, youwill need to either tare with an empty via in theholder or subtract thevial
signd from subsequent measurements (use thevia measurement as R).

Thelarge magndic moment on the high-spin compoundFeSO,-7H,0O makes it agoodmaterial
for standardizing our bdance. Youwill ge thebiggest signd (and mog accurate measurements)
if themagnd is adjuged so tha it is as close to the sample as possible. Y ou should also make
sure that the sample vial is centered over themagnet. Shift the postionarounduntl you findthe
region where the measured mass changeof themagne is maximized. Wha isthelargest mass
changeonthebdance you can get for FeSO,-7H,O? Calculate the condant C for your bdance
by assuming an effective magndic moment of 4.87 pg on each Fe atom.

Now measure theremaining samples. For each compoundyou measure, tabulate the values of
thefollowing: molecular weight (g/mol), mass (g), L (cm), R (filled), R, (no sample), C, and! .
Turn in atablelike theonebdow with yourlab report. Remember that diamagneic compounds
do not have amoment (Uesr) On ther metal atoms.

Measure thevial containing asmall amountof elemental Fe. How does this magndism of this
vial compare to theother vials. Why isthere alargedifference?

Compound Metal #valence | HS e LS Hest ' Meff unpaired
charge | eectrons | (predicted) | (predicted) | (calc) (calc.) | electrons
(calc)
MnSO,¥H,0
FeSO¥H,O
NH4VO;
Ks[Fe(CN)e]

Ka[Fe(CN)e] ¥8H.0

CoSO4H,0

NiSO,¥%6H,0

CU$4%H 20

The magndism of paamagneic compoundss highly dependent on temperature. Measure the
molar susceptibility, ! v, of oneparamagneic compoundas afundion of temperature. Do NOT
set the cold sample directly on top of the glass on the bdance Bthat could potentially crack the
glass. Usethewooden holder to keep your sample separated fromtheglasslid of thebdance.
Youwill need to re-calibrate C when you use thewooden holder as the sample will befurther
fromthemagne and will be experienang asmaller field gradient. Y ou can dothis by
comparing theroom-temperature mass changeof your sample with and withoutthe wooden
holder. Measure!  at three temperatures. 295K (roomtemperature), 195K (dry ice/ ethanol),
and 77K (liquid N). Let your sample equilibrate in the cold temperature environment before
quickly removingit and measuring its magnetism.



WARNING: CRYOGENIC TEMPERATURES CAN BURN YOUR SKIN BAVOID
DIRECT CONTACT WITH THESE VERY COLD SUBSTANCES, AND TRANSPORT
YOUR COLD MAGNETIC SAMPLE WITH EXTREME CARE.

Plot your temperature-dependent dataas 1/! \ vs. T andfit alineto thedaa. Wha isthex-

intercept of thisline? Use thedopeof thislineto calculate pes for your sample based onthe
relation:

i = 8'0(2) T (3)
Xm :Lleﬁ’

Also plotyourdaaas! v vs T. Draw an appropriate curve throughthe daa points.



Questions
1.
2.

Why isit important to know the height of the sample within thevial?

Calculate the spin-only magndic moment for compoundswith 0,1, 2, 3,4,and 5
unpared electrons Show your work.

Which compoundsmeasured in this lab do youfind to have no unpared electrons?
Draw the d-electron configurationsof these compoundsand explain why they are
non-magndic.

Which metal compoundsinvestigated in thislab are present in the high-spin form?
Where do ther ligandsfall in the spectrochemical series?

Which metal compoundsinvestigated in thislab might have been in the high-spin
form butare ingead low-spin complexes? Where dother ligandsfall inthe
spectrochemical series?

Which compoundhas a paramagndic moment (Les) that iswell bdow tha predicted
by any spin modd? What chemical cause mightbe respongble for thislarge
deviation (20-40%) from the predicted spin-only moment? (hint: it isnotorbital
contributons which would make themoment larger and notsmaller)

Calculate the number of unpared electronsfor transition metals with 0-10 total
electronsin thethree mos common situations odtahedral ligand geometry with a
small #o (high spin, HS), octahedral ligand geometry with alarge#o (low spin, LS),
and tetrahedral ligand geometry (virtudly always high spin duesince #1 ~ 4/9 #o).
[Noneof our compoundsare tetrahedral ]
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