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Laboratory has been shown to be an essential component of Experiment# | Stir StirTime | MixAcids | Percent Experiment # Stir Stir Time | PercentAcid | Percent After synthesis, complexes were filtered using vacuum filtration and
chemistry education and provides a unigue medium for teaching that Temperature | (minutes) | Before Adding | Vield Temperature |  (minutes) Used Yield dried in laboratory cabinets for several days before characterization.
cannot be done through lecture alone. o) Benzaldehyde? ¢O Compared to

'H NMR data was collected on complexes using an Anasazi 60MHz
NMR spectrometer.
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Undergraduate laboratories are often the first connection between
theory and practice students experience. However, current
laboratory courses consist of separate, distinct experiments and
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syntheses whose purpose is only to demonstrate and illustrate L84 . i Ves o6 . - i - e Conclusions and Euture Directions
concepts. 1.5.2 10 > Yes 66.89 1.7.3 rt 10 50 Trace hesis of th _ deh | .
Academic and industrial research both have many interconnected 182 10 20 Yes 78.38 74 . 2 5 0.4 « Synt esuls of the 3-nitro-benzaldehyde complex was con iIrmed
. . . . . . L7 ; . - Trace through *H NMR. The spectra for the standard run, Figure 2, show
experiments with a final goal, in stark contrast to what is taught. This _ : : there is a side product in addition to the product. likelv ortho- and
illustrates a disconnect between students’ education and what is Table 1 Effect of mixing the acids on 5 o Table 3: Effect of lowering the amount of acid P | P , [IKETY
expected of them after graduation - b gt on percent yield, demonstrating the effect meta- products. These side products are present in all runs and the
| percent yield, demonstrating the ©)LH H280, HNO; H lowering the amount of acid has on ratio of side product to product does not appear to vary, at
| | | increased yield when mixing the acids decreasing the percent yield. approximately 1 to 5.9 even with cooling such as in Figure 3 and
Motivation and Hypothesis i'IrDSt- e NO, *Done without syringes Figure 4.
one without syringes
- To prepare students for future careers it is necessary to employ new 7 Benzaldehyde 3-Nitrobenzaldehyde * The reaction’s percent yield appears to depend upon a variety of
methods of teaching |ab0ratory courses to provide a better analogue Experiment # Stir stir Time | Equivalents |  Percent S_cheme 1: Nitration of benzaldehyde to 3- Experiment # Stir Stir Time | Percent Yield factors:
to academic or industrial research. To this end this work sought to Temperature | (minutes) | Comparedto | vield nitro-benzaldehyde Temperature | - (minutes) — Mixing the acids before adding the benzaldehyde to the
develop a multistep laboratory project with each experiment ‘o Standard CC) reaction vessel appears to increase yield by several times over
contributing directly to the next. 14 . - ; 1o 111 L 5 3108 not mixing.
» This approach will now only give students exposure to a realistic — o — Decreasing the volume of acid added to the reaction has a
researchfenvirodnmentjbut may also garnerfa_ better sense gf e ! ) i o 141 rt 2 50,00 strong negative impact on yields even when reaction times are
urpose for students by creating a sense of investment an -
Fesgonsibility towards t>t/1e exper?ment. =22 = : : o 11.'18;4 Z 150 741.}936 greatly increased.
| o | | | | 181 10 5 2 73.65 81 10 ; 12 65 — An ideal stir temperature and time was observed at
¢ As |Ilustratec_l In Flg_ure 1 th_e multistep synthes_ls consists of SIX Table 2: Effect of reaction scaling on percent o » N . temperature of -10°C and a stir time of 5 minutes as
étﬁgrsr;i:t?;t:llllustratlng crucial concepts essential for Organic yiel_d, dlemog_sFrating a similczlir pbelrcent _yielld at Table 4: Effect of stir temperature on percent demonstrated in Experiment 1.8.1 (Figure 4).
: optimal conditions even at double equivalents - - - - “10° | o _ .
C(F))mpared (0 standard 4 yield, dergonstratlggofrée increased yield at -10°C — Increasing stir time to 20 minutes does have a minor impact on
o . - - compared to rtand 0°C. yield, however the 4x increase in time also decreases the
Xy H  HS0,, HNO; N H NaBH, X oH efficiency with which the lab can be conducted in an
R— |  —----CoiiaoTl > R— | 7 e » R— -
N 0°C A EtOH, r / undergraduate setting.
1 T2 . o, Spectra of Compounds

* Further testing is required to examine benzaldehyde derivatives,
such as in Figure 5. Such derivatives would add variety to the
results students would obtain as well as promoting the meta product
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gj L T S T | - Figure 5: Benzaldehyde derivatives for use as starting material in
Figure 1:Six-step synthetic route. LL kL N further testing.
* Due to time restraints work focused on optimizing the first step weromo T ne e e et e . S S S — » Future work will focus on the next step, reducing 3-nitro-

(Scheme 1), the nitration of benzaldehyde 1 to 3-nitro- e sl oom - benzaldehyde to 3-nitro-benzylalcohol and optimizing the

Figure 2: 1H NMR spectrum of 3-nitro-benzaldehyde
(blue) and 2-nitro-benzaldehyde side product (red) from
1.1.1 (Standard), stirred at rt for 5 minutes.

Figure 3: 'H NMR spectrum of 3-nitro- conditions.
benzaldehyde (blue) and 2-nitro-benzaldehyde side
product (red) from 1.8.4, stirred at 0°C for 5 minutes.

benzaldehyde 2. This reaction is well studied and similar to a lab
currently conducted in Organic Chemistry Il, although not on the
scale conducted here.
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Remove flask and add nitric acid. Stir at rt for 5 minutes.

Pour solution into a beaker with ice and filter. o o e
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