Spectroscopy
OMIT 18.3, 18.6

GENERAL

Read Section 18.1 p. 515 - 516 on spectroscopy and electromagnetic radiation.

Spectroscopy (use of electromagnetic radiation to study molecules) is the most powerful tool that the chemist has for figuring out what goes on in the molecular world.
Of the different types of spectroscopy available, nuclear magnetic resonance (NMR) is the single most useful analytical technique the organic chemist has for tracking the behavior of organic molecules.

It has been said that since NMR was invented (early 1960's) organic molecules no longer stand a chance of confusing the organic chemist- not unless they happen to be wearing their special aluminum foil helmets with the spoons in them, that is!!!
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Infrared (IR) spectroscopy is also a useful tool for studying molecules.  In this chapter we will cover the basics of interpreting NMR and IR spectra.

INFRARED SPECTROSCOPY

Infrared radiation has just right amount of energy to cause atoms in molecules to strain against their bonds.  Gives molecules epileptic siezures.

IR won't break bonds and kill molecules-just gives them a serious case of the shakes.

Certain specific frequencies of IR radiation give specific functional groups specific kinds of siezures.  When a molecule absorbs IR and has a siezure in some part of its body (some functional group) this causes IR spectrometer to draw an absorbtion band.

IR absorbtion bands look like jagged stalagtites which you see hanging from the ceilings of underground caverns (ie. Carlsbad).

See p. 517 for pictures.

The IR frequencies at which these bands appear are determined by looking at the numbers plotted across the top of the picture the spectrometer draws (picture called a spectrum).

We look at the top of the spectrum to see what frequencies the stalagtites appear at and use a lookup table (Table 18.1 p.521) to see what kinds of functional groups have siezures at these frequencies and cause spectrometer to draw stalagtites (absorbtion bands).

On next slide is a molecule we will call "Mr. William."  We are going to torture "Mr. William" today with a Sluggo-3 Infrared Spectrometer.

We can't use Mr. William's real name because NBC would sue us for torturing their property without permission.
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Mr. William's IUPAC name is 2-amino-2-nitro-1,3-propanedial.  How can we tell this when he's wearing his protective helmet?

If we put him in an NMR machine we spin him in circles till he gets dizzy and the silly helmet falls right off.

Strap him in.  Molecule rights activists in room?  Use "cancer therapy" excuse.
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NMR

PROTON NMR
When organic molecules are put into an NMR spectrometer tuned to detect 1H nuclei (protons), hydrogens which are in identical chemical environments all get together and express their solidarity by forming magnetic gangs.

In order to protect their turf they count all of the rival gang members living on carbons next door and make enough special weapons called NMR peaks to kill all of the rival gang members plus one extra peak just in case they need it.
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The total length (area) of all of the peaks produced by a gang is determined by how many gang members are available to manufacture weapons.

Magnetic gangs warehouse their peaks in separate locations to keep them away from rival gang members.  Gangs which live next to electronegative neighbors are electron-poor and can't afford to store their peaks uptown.  The more electronegative the neighbors the further downtown the peaks get stored.

The Greek symbol delta () is used to describe how far downtown a proton gang stores their peaks (actually  stands for "deshielded" due to electron deprivation, but "downtown" works just as well for describing electron poverty).

Table 18.2 p. 526 has  values of peaks of protons in various chemical environments.

CH3OCH2CH2CH2OCH3
Plague-O-Crips-Bloods-Crips-O-Plague
Crips and Plague live next door to electronegative oxygen which steals electrons from them.  They are electron poor and must store peaks a little ways downtown ( ~ 4).

Bloods are a bit more affluent and can afford to store their peaks almost all the way uptown ( ~ 1).

Delta is like a street address of main street through town.  In proton NMR it ranges from 0 (uptown) to about 14 (way downtown).
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CARBON-13 NMR
When organic compounds are put into an NMR spectrometer tuned to detect 13C, instrument can be set up so that carbons are either visible or invisible to proton gangs attached to them.

If carbon-13 is visible to proton gang members (carbon-13 with splitting) each carbon in molecule must make enough peaks to defend itself against proton gang members attached to it plus one extra peak just in case.

If spectrometer is set up so carbon is invisible to attached hydrogens then each kind of carbon makes only one peak for self defense.

Carbon is like landlord who owns the place where proton gang lives.  Only needs to make peaks to defend self against gang members living in his building (not other carbons or protons living in building next door).

Carbons only need to make multiple peaks to defend against proton gang members living in their building (collect rent in person).

Like proton gangs,

 carbons living in identical chemical environments put their peaks in identical locations (multiple carbons living in identical environments put peaks in same locations)
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Also like proton gangs carbons store their peaks uptown or downtown depending on electronegativity of neighbors (Table 18.4 p. 538).

Carbon uses a different address scheme for locating uptown and downtown than proton does.  Uptown addresses for carbon still max out at = 0, but downtown addresses can go higher than  ~ 200.
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